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1. IntRopuctToRY. 


A FIRST glance at the magnificently illustrated series of memoirs by Sir Richard 
Owen on the osteology of the Dinornithidé gives the impression that the whole subject 
has been exhausted ; but a more careful perusal, aided by a comparison with the recent 
works of Lydekker (12) and Hutton (g), is enough to show that the material at Sir R. 
Owen’s disposal was far from complete, that skulls were assigned to the skeletons of 
certain species on purely conjectural grounds, and that some of the figures were even 
made up of portions belonging to different species. ‘The reason of this confusion is 
that it is extremely seldom that the bones of a single individual skeleton, or even the 
parts of a single individual skull, are found associated together and apart from those 
of other individuals. 

It is to this circumstance that the chief difficulty of the present investigation was 
due—the difficulty of assigning correct names to the various skulls examined. To 
mention only the two most recent authorities: Lydekker describes four genera and 
nineteen species; Hutton seven genera and twenty-six species: species associated in a 
single genus by the one are widely separated by the other: and, most confusing of all, 
skulls assigned by Lydekker to certain species are considered by Hutton to have 
been wrongly associated with the leg-bones upon which the species were founded. 
Moreover, while my enquiries fully confirm the view that the Dinornithide are divisible 
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into several genera, the generic groups, as deduced from a study of the skulls, do not 
agree with those of either of the authors referred to. It seems reasonable, however, to 
claim that, if constant and definable differences can be shown to occur in the skulls, 
these should outweigh mere differences in the size and proportions of the limb-bones. 

I have derived the greatest assistance throughout the investigation from frequent 
correspondence with Captain Hutton, who has, with rare generosity, placed at my 
disposal the wide knowledge of the whole Moa question gained during the course of 
his extended, and still partly unpublished, researches. Sir James Hector has most 
kindly lent me the entire collection of Moa skulls in the Colonial Museum, Wel- 
lington, including the unique skull of Mesopterya, species 6, figured on Plate LX. figs. 20 
& 21. Dr. H. O. Forbes has been good enough to lend me the large series of skulls 
in the Canterbury Museum, recently collected by himself at Enfield, near Oamaru, as 
well as the skulls from four skeletons in the Canterbury Museum, articulated under 
the superintendence of the late Sir Julius von Haast. Mr. A. Hamilton, Registrar of 
the University of Otago, has placed at my disposal the large collections made by 
himself at the Te Aute swamp, near Napier, and at Castle Rocks, Oreti River, South- 
land—the latter collection including several immature skulls which have been quite 
invaluable for my purpose. I am also indebted to Mr. Hamilton for the drawings from 
which figs. 59-64 are taken. Mr. R. J. Kingsley has lent me the skull of a fine 
individual skeleton in his possession, the type of Dinornis torosus, Hutton. Mr. J. 
Thomson, Lecturer on Applied Mechanics in this University, has devoted a great deal 
of time and trouble to taking the photographs from which Plates LVI., LVIII., & LX. 
are copied. And, lastly, during my visit to England I have received the kindest help 
from Prof. Newton, Dr. Henry Woodward, Mr. A. Smith Woodward, and Mr. H. 
M. Platnauer. ‘To all these gentlemen I beg to return my most sincere thanks. 


2. List of SPECIMENS EXAMINED. 
As the nomenclature of many species is still doubtful, and as it is desirable to refer 


to certain individual specimens in the various collections to which I have had access, 
the following list is given in order to facilitate identification :— 


Genus Dinornis, Owen. 
1. Dinornis Maximus, Owen. 
a. The skull belonging to the large skeleton in the British Museum (Natural 
History) and numbered 46050 (Lydekker, Cat. Foss. Birds, p. 232). 
6. Portions of a skull in the same Collection, numbered 46631—3 (figured by Owen, 
Extinct Birds of N. Z. pl. lxii.). 
The measurements of this last-named skull do not differ from those of 
D. robustus '. 


* Through the kindness of Captain Hutton, I have just examined a very fine skull of D. maaznus belonging 
to Mr. M°Ewen, of Christchurch. here is nothing to distinguish it from D. robustus—June 1895, 
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2. DINoRNIS ROBUSTUS, Owen. 
a. The skull belonging to the very fine individual skeleton found at Tiger Hill, Otago, 
and now in the Museum of the Philosophical Society, York. 

This specimen is referred by Hutton to his D. potens, but I am more than 
doubtful whether the distinction from rodustus can be maintained, and prefer to 
place it in the present species. 

b. The skull belonging to an individual skeleton found at Highley Hill, Otago, the 
property of Dr. T. M. Hocken. (Otago University Museum.) 

c. An imperfect and partly restored skull from Hamilton Swamp, Otago. (Otago Univ. 
Mus. ) 

d. Mandible belonging to an individual skeleton found at Shag Valley, Otago. (Otago 
Univ. Mus.) 

e. Associated premaxillee, maxillo-jugal arch, quadrate, and mandible from Maun- 
gatua, Otago. (Otago Univ. Mus.) 

f. A cranium from Enfield, Otago, (Dr. H. O. Forbes’s collection.) 

This species is figured by Owen, Trans. Zool. Soc. vol. v. pls. liii. & liv. (Ext. 

Birds of N. Z. pls. Ixii. & Ixiii.), 
3. Dinornis Torosus, Hutton. 
a. Skull belonging to a nearly perfect skeleton, the type of the species, found in the 
Takaka district, Nelson. (Mr. R. J. Kingsley’s collection.) 
b. A nearly complete skull from Hamilton Swamp. (Otago Univ. Mus.) 

Captain Hutton considers that this skull is probably referable to D. struthioides, 
but I can see no differences of any importance between it and the previous 
specimen. 

This species is figured by Owen as D. ingens, Trans. Zool. Soe. vol. vii. pl. xv. 
(Ext. Birds of N. Z. pl. Ixxxii.); also by Jaeger, as Palapteryx ingens, Reise der 
Novara, Palaontologie, pls. xxv. & xxvi. 

4, DrnorNIs, species a. 
A damaged cranium of the same size as that of D. torosus, but differing from it in 
having the temporal and lambdoidal ridges in contact. (Coll. H. O. Forbes.) 


Genus Pacuyornis, Lydekker. 
1. PAcCHYORNIS ELEPHANTOPUS, Owen. 

a. Six crania with separate premaxille, maxillo-jugal arches, quadrates, and mandibles, 
from Enfield; in one instance (Plate LX. fig. 22) premaxille and maxillo-jugal 
arches were found which exactly fitted a cranium, and I have no doubt that they 
belonged to the same individual. (Coll. H. O. Forbes & Cant. Mus.) 

b. Two crania, one with (?associated) premaxille and mandible; locality unknown. 


(Coll. Mus. Wellington.) 
c. An imperfect cranium with associated premaxille and mandible from Hamilton 


Swamp. (Otago Univ. Mus.) 
3H2 
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Hutton (9, p. 133) has brought forward evidence for considering that this skul] 
should be associated with the leg-bones upon which the species crassus was 
founded; if this were the fact it would, according to the nomenclature I have 
adopted, be placed in the genus Hmeus, which genus would then change places 
with Pachyornis in my table of classification (p. 427). I learn, however, by 
recent communication with Prof. Hutton that he is still somewhat uncertain upon 
this point, and I think it will give rise to less confusion if I follow Owen and 
Lydekker and assign the present skull to the leg-bones upon which the species 
elephantopus was founded. 


2. PACHYORNIS IMMANIS, Lyd. 

Cast of a cranium in the Nat. Hist. Museum, numbered A. 201, and described by 
Lydekker, Foss. Birds, p. 344. I doubt whether this specimen can be specifically 
distinguished from elephantopus '. 

This species is figured by Owen, as Dinornis elephantopus, Trans. Zool. Soc. 
vol. vii. pl. x. (Ext. Birds of N. Z. pls. lix. & Ixxvi.). The best skull from Enfield 
is figured from beneath on Plate LX. fig. 22. 


3. PACHYORNIS, species «. 

a. A cranium from Shag Point, differing from P. elephantopus in its greater breadth, 
especially across the postorbital processes, and in having the temporal and 
lambdoidal ridges in contact. (Coll. A. Hamilton.) 

Figured in outline, Plate LXI. figs. 26 & 39, and Plate LXII. fig. 50. 

6. A skull with greatly damaged cranium, from a skeleton named Dinornis struthioides 

by Sir J. von Haast, is probably to be referred here. (Canterbury Museum.) 

Both these skuils may belong to very muscular individuals of P. elephantopus ; 
but I hardly think so, as in all the specimens undoubtedly referable to that species 
the temporal and lambdoidal ridges are distinct. They may ultimately be found 
to belong to D. rheides, the skull of which is not known. 


4, PAcHYORNIS, species [. 
A single cranium from Glenmark, differing from P. elephantopus in being decidedly 
narrower in proportion to its length. 


5. PAcHYORNIS, species y. 

A single cranium, from Enfield, differing from P. elephantopus in its much smaller 
size, but agreeing with it in other respects. It is very possibly a mere variety, 
but I have found no intermediate sizes. 

1 In the ‘Transactions of the New Zealand Institute,’ vol. xxvi. (1893), I have described a skull of 


Pachyornis whick is about 10 per cent. larger in nearly all dimensions than P. elephantopus, and have 
{ 8 y d; Pus, 
referred it provisionally to P. immanis.—.June 1895. 
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6. Pacuyornis, species a, Lydekker. 
The cranium in the British Museum (Nat. Hist.), No. 52197, so named by Lydekker 
(Foss, Birds, p. 320). 


7. Pacnyornts, species 6, Lydekker. 


A cranium in the Nat. Hist. Museum, numbered 52205, and described by Lydekker. 
l.c. p. 345. It agrees in all measurements, except a narrower temporal fossa, 
with P. elephantopus. 


Genus Mrsoprpryx !, Hutton. 


1. MESOPpTERYX CASUARINA, Owen. 


a. Twenty-nine crania, with several mandibles, premaxille, quadrates, and maxillo-jugal 
arches, from Enfield?. (Cant. Mus. and coll. H. O. Forbes.) 

6. A cranium from Hamilton Swamp. (Otago Univ. Mus.) 

c. A cranium from Glenmark Swamp, Canterbury. (Cant. Mus.) 

d. A cranium from Castle Rocks. (Coll. A. Hamilton.) 

The examination of this large series of skulls has convinced me that didina, 
Owen, and huttoni7, Owen, are synonyms of casuarina; there is a perfect gra- 
dation between the larger skulls (caswarina) and the smaller (didina). The same 
gradation is found by Prof. Hutton in the case of the leg-bones from Enfield, but 
as there are considerable differences between the two ends of the series he prefers 
to keep the species distinct. 

e. A skull in the Natural History Museum, numbered 52210, <A typical but unusually 
large specimen. 
f. A skull in the same collection, numbered 52214, 52199. 

This species is figured by Owen as Dinornis rheides (with mandible of 
Pachyornis), Trans. Zool. Soc. vol. vii. pl. xii. (Ext. Birds of N. Z. pl. Ixxv.). 
The best of the Enfield skulls is figured in Plate LX. fig. 19. 


" Reichenbach’s name Syornis has priority for this genus, having been applied to the type species caswarina ; 
but, as Lydekker has pointed out (11, p. 254), this name clashes with Synornis, Hodgson, and I have therefore 
adopted Hutton’s name Mesopteryx, the type species of which (J. didina) is probably only a small form of 
casuarina. {Captain Hutton (Trans. N. Z. Inst. vol. xxvii. 1894) now considers that Meionornis, Haast, is 
the correct name of this genus.—June 1895.] 

* According to Mr. Forbes (2) the Moa-remains from Enfield belong chiefly to the species elephantopus, 
ingens, and rheides. This is hardly correct; the vast majority of the skulls belong to the species now under 
discussion, a few to Pachyornis elephantopus, and one or two to Dinornis, sp., and Hmeus, sp. My deter- 
minations are confirmed by Prof. Hutton’s measurements of 351 metatarsi from this abundant deposit sent to 
the Canterbury Museum. He finds that 181, or more than half, are referable to three doubtful species—casuarina, 
didina, and huttonii, all of which I include under casuarina; of the rest he assigns 40 to rheides, 38 to crassus, 


40 to various species of Dinornis, and 52 to species of Pachyornis, 
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2. MESOPTERYX, species a. 
A cranium and mandible from Te Aute, near Napier. (Coll. A. Hamilton.) 
This skull was referred by Prof. Hutton to Cela geranoides, but the evidence for 
the determination appears to me to be insufficient, and I think it best to leave the 


name in abeyance !. 
Figured in outline, Plate LXI. figs. 28 & 41, Plate LXII. fig. 52. 


3. MEsopreryx, species (3. 
An entire skull found by Mr, A. M‘Kay in a limestone fissure on Salisbury ‘Tableland, 
Nelson. (Col. Mus., Wellington.) 

This skull, which was found associated with the cervical vertebra, is one of the 
most perfect ever discovered, It does not correspond with any of the figures or 
descriptions I have met with and appears to belong to a species the skull of which 
has not hitherto been described. 

Figured on Plate LX. figs. 20 & 21. 


4, MESOPTERYX, species y. 
The skull on a mounted skeleton of J. didina, from Hamilton Swamp. (Otago Univ. 
Mus.) 
This skull differs from the Enfield specimens of WZ. casuarina in the form of the 
orbit, which is right-angled as in Dinornis. 
Figured in outline, Plate LXI. figs. 50 & 44, and Plate LXII. fig. 54. 


Genus ANOMALOPTERYX, Reichenbach. 


1. ANOMALOPTERYX DIDIFORMIS, Owen. 

a. Three perfect crania with premaxille, maxillo-jugal arches, quadrates, and mandibles; 
all found in the same cave (with the skeletons) at Castle Rocks, Southland. 
(Mr. A. Hamilton’s collection.) 

4. One perfect and several imperfect immature crania, from the same locality. (Coll. 
A. Hamilton.) 

c. A cranium with (tassociated) premaxille ; locality unknown. (Colonial Museum, 
Wellington.) 

These skulls are assigned to this species in accordance with Prof. Hutton’s 
researches (g, p. 125), confirmed by Mr. Hamilton’s discoveries at Castle Rocks. 
The skull referred by Lydekker (12, p. 275) to this species is apparently that of 
Mesopteryx didina. 

The most perfect of the immature crania referred to above is figured on 
Plate LVIII. figs. 12 & 13. 


* Since writing the above, Captain Hutton has lent me for examination a cranium which he considers to 
be that of Megalapteryx tenwipes, since it was found in a cave associated with bones of that species. The 
skull was a good deal damaged, but appears to agree very closely with that of Mesopterya, species a.— 
June 1895. 
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2. ANOMALOPTERYX PARVA, Owen. 

Skull of the very fine individual skeleton in the Natural History Museum, numbered 
A. 3, and figured and described by Owen, Trans. Zool. Soc. vol. xi. pl. lii. 

It is an open question whether this species is distinct from didiformis; I am 
inclined to think it is merely a small variety, and only keep it separate in order to 
give measurements of the type specimen. 

Figured by Owen as Dinornis parvus, Trans. Zool. Soc. vol. xi. pl. lii. 

Genus Emerus, Reichenbach !. 
1. Emeus crassus, Owen. 

a. ‘Two nearly perfect skulls from Shag Point, Otago; in both, the premaxille and 
bones of the palate were fixed im siti by the collector Mr. R. S. Booth?. (Otago 
Univ. Mus.) 

6. A similar skull, from the Maniototo Plains, Otago. (Coll. H. O. Forbes.) 

c. Four less perfect skulls from Shag Point. (Otago Univ. Mus.) 

d. About fifty crania belonging to this or the next species, from Shag Point. (Otago 
Univ. Mus. and coll. A, Hamilton.) 

This species is figured by Owen as D. crassus, Trans. Zool. Soc. vol. x. pl. xxxi. 
(Ext. Birds of N. Z. pl. exiv.); the beak and mandible of the skull figured as 
D. crassus in Trans. Zool. Soe, vol. vii. pl. xi. (Ext. Birds, pl. lxxvii.) belongs to this 
species, and probably the skull called D. gravis on pl. xiv. (Ext. Birds, pl. 1xxxi.). 

2. EMEUS, species a. 

a. An entire skull found by Mr. R. 8. Booth at Shag Point. (Otago Univ. Mus.) 

With the unimportant exception of a slight injury to the left antorbital, this 
skull is absolutely perfect and is probably on the whole the best Moa skull ever 
found. (See Plate LVL.) 

6. ‘Two less perfect skulls, also from Shag Point. (Otago Univ. Mus.) 

c. About fifty crania belonging either to this or to the preceding species. (Otago Univ. 
Mus. and coll. A. Hamilton.) 

This species is easily distinguished from elephantopus by the shorter and 
narrower beak, but I can find no constant difference between the crania. 

Figured on Plate LVI. and Plate LVIII. figs. 9 & 10. 


3. EmMeus, species (3. 
The skull on the skeleton of gravis in the Canterbury Museum, so named by Sir J. von 
Haast. (Cant. Mus.) 
This skull undoubtedly belongs to the present genus, but appears to exhibit well- 
marked differences from the two preceding species. 
* Captain Hutton (Trans. N. Z. Inst. vol. xxvii. 1894) considers that this name should give way to 
Euryapteryx, Haast.—June 1895. 
* A similar skull was found at the same place by Prof. Hutton and was presented by him to the British 


Museum ; it is figured by Owen in Trans, Zool. Soc. vol. x. pl. xxxi., as D. erassus. Lydekker describes it an 
Emeus, species a. 
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4, EMnus, species y. 
The cranium on a skeleton from Hamilton Swamp, named D. gravis by Prof. Hutton. 
(Otago Univ. Mus.) 
This skull agrees in general characters with the present genus, but has right- 
angled orbits—a character I have never observed in any of the preceding species. 
Figured in outline, Plate LX. figs. 34 & 40, and Plate LXIT. fig. 58. 


3. A CoMPARATIVE ACCOUNT OF THE SKULL IN THE DINORNITHIDA. 


The skulls of the Moas are usually found in a more or less fragmentary condition, 
and it will be advisable, for the sake of convenience, to take this circumstance into 
consideration and to describe the skull under the following heads :— 

Cranium. 

Premaxilla. 

Maxillo-jugal arch. 

Vomer, palatine, and pterygoid. 

Quadrate. 

Mandible. 

Hyoid. 

The cranium is the part most commonly found: in large deposits of Moa-bones 


ce Shs as oes 


crania may occur in hundreds, whilst other portions of the skull are of comparatively 
rare occurrence. Premaxille, quadrates, and lower jaws are not uncommon, while a 
complete maxillo-jugal arch is rare, and very few skulls have been found with the 
palatines, pterygoids, and vomer uninjured. 


a. The Cranium. 
In the cranium the following regions may be distinguished :— 

i. The occipital region, including the whole posterior portion of the skull; it contains 
the occipital condyles and foramen and is produced at the sides into the large 
and prominent paroccipital processes. 

ii. The cranial roof, continuous behind with the occipital region. 

iii. The base of the skull, also continuous behind with the occipital region ; posteriorly 
it is raised into a prominent squarish elevation, the basitemporal platform ; 
anteriorly it is continued into a more or less cylindrical rod of bone, the 
rostrum, which forms the axis of the beak. 

iv. The lateral surface of the cranium, presenting three well-marked depressions—the 
orbit in front ; the temporal fossa immediately behind the orbit and separated 
from it by a downward projection of the skull-roof, the postorbital process; and 
the tympanic cavity, bounded above and separated from the temporal fossa by 
an outstanding mass of bone, the sguamosal prominence, and bounded behind 
by the paroccipital process. 
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v. The ethmoidal region, lying anterior to the orbits, enclosing the olfactory chambers, 
and produced forwards into a median vertical partition, the mesethmoid, anky- 
losed below with the rostrum. 

vi. The cranial cavity. 


i. The occipital region. (Plate LVIII. fig. 9; Plate LIX. fig. 14; Plate LXIL. 
figs. 47-58.) 

The occipital condyle (oc. con.) is distinguished by its more or less pedunculate 
character; its dorsal surface is usually somewhat flattened, and its hemispherical 
posterior face often presents a well-marked dimple-like depression indicating the 
position of the notochord. Its median portion is formed by the basioccipital, its 
lateral portions by the exoccipitals (fig. 14); the latter bones converge from below 
upwards, so that a very narrow strip of the dorsal surface of the condyle is furnished 
by the basioccipital (fig. 15). 

The occipital foramen varies in form from subcircular to squarish ; in Dinornis the 
plane of the foramen is nearly at right angles to that of the basitemporal platform, 
while in the other genera it is distinctly inclined backwards; in the former case the 
occipital condyle projects beyond the dorsal margin of the foramen, a unique peculiarity 
pointed out by Owen. In some instances the condyle projects beyond the level of the 
paroccipital processes, but as a rule the reverse is the case. 

Immediately above the occipital foramen is a median vertical ridge (fig. 9), the 
occipital crest (oc.cr.; median vertical ridge, Owen), which is connected ventrally with 
another ridge lying immediately above the foramen, at first close to its dorsal border 
and afterwards diverging laterad and becoming lost on the paroccipital process. I 
propose to call this the supraforaminal ridge (sup.for.r.; lower transverse supra- 
occipital ridge, Owen) ; it is well developed in all the species, while the crest, although 
usually well marked, is often obscure and sometimes absent in Dinornis. 

The occipital crest passes anteriorly into a transverse ridge which extends laterally 
on each side to the base of the paroccipital process; the median portion of this 
lambdoidal ridge (lamb.r.; transverse occipital ridge, Owen) is frequently double 
(figs. 1, 9, & 12), a transversely elongated lozenge-shaped area being enclosed between 
its two divisions; we may thus distinguish an anterior lambdoidal ridge (ant.lamb.r.), 
which is dentated and serves as the chief line of insertion of the neck-muscles, from a 
posterior lambdoidal ridge (post.lamb.r.). The distinction between the two varies 
greatly in different species, being best marked in Anomalopterya, and hardly distin- 
guishable in Dinornis (Plate LXI. figs. 25-34). On each side of the occipital crest, 
close to its junction with the posterior lambdoidal ridge, is a more or less well-marked 
depression, the supraoccipital fossa (fig. 9, s.oc.fos.). 

The precise relation of the lambdoidal suture to the ridges of the same name is 
difficult to make out, as the ridges are obscure in young specimens, but it appears to be 
a little in front of the posterior ridge. 
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The paroccipital processes ( par.oc.pr.) are large and prominent; in Dinornis they are 
comparatively flat, and their ventral edges are evenly curved and not greatly produced 
downwards (Plate LXII. fig. 47); in Mesopterya casuarina (fig. 51) they are very 
convex backwards, and their ventral borders are produced into bluntly pointed 
processes which extend downwards to the level of the mamillar tuberosities. Other 
species show intermediate conditions (figs. 47-58). In Hmeus the supraforaminal 
ridge stops short at the base of the paroccipital process; in most other species it is 
continued on to its lower angle. 

Externally to the supraoccipital fossa there is frequently a foramen, usually 
continued into a groove, for one of the cerebral veins. The line of junction between 
the supra- and exoccipitals is probably situated mesiad of this foramen, but I have not 
seen a skull in which those two bones are distinct; the paroccipital process is no doubt 
constituted entirely by the exoccipital. 


ii. The cranial roof. (Plate LVI. fig. 1; Plate LVII. fig. 5; Plate LVIII. fig. 12; 
Plate LIX. fig. 17; Plate LX. fig. 20; Plate LXI. figs. 23-34.) 

The roof of the cranium is formed mainly by the parietals (pa.) and frontals (fr), 
the coronal suture passing transversely about halfway between the posterior lambdoidal 
ridge and a line drawn between the posterior margins of the postorbital processes 
(figs. 5 & 12). It is usually evenly arched both from before backwards and from side 
to side. The lateral curvature is least in Déinornis (fig. 47), in which also, taking 
the basitemporal platform as horizontal, the anterior or frontal region is considerably 
deflected (fig. 35). In Mesopterya casuarina (fig. 27), Mesopterya, species « (fig. 30), 
and Emeus, species y (fig. 34), the roof is swollen on each side of the middle line, 
producing a double tumidity; in the other species of Hmeus (figs. 38, 42, & 46) 
there are slight unpaired elevations in the anterior and posterior frontal regions, the 
intervening portion being flat or depressed. The roof is continuous behind with the 
occipital region and with its squamosal prominences, narrowed between the temporal 
fosse, and immediately in front of these produced into the large postorbital processes 
(post.orb.pr.), Which pass outwards and downwards, forming the posterior boundary of 
the orbit and almost meeting the maxillo-jugal arch (figs. 3 & 7). In most cases the 
postorbital process forms an even curve; in Dinornis and Pachyornis it is divisible 
into horizontal and descending portions, the former gently inclined downwards, the 
latter vertical. 

Anteriorly the postorbital process passes into the swpraorbital ledge, which is itself 
continued into a short preorbital process (pre.orb.pr.) formed by a part of the ankylosed 
lacrymal (figs. 5, 7, & 8). The margin of the orbit thus constituted exhibits certain 
well-marked differences in the various genera and species. In most cases the whole 
orbital margin is evenly curved or slightly sinuous; in Dinornis the supraorbital ledge 
is at right angles to the postorbital process (figs. 25 & 35); in Anomalopteryax the 
postorbital angle thus formed is slightly obtuse (fig. 56). The doubtful crania referred 
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to Mesopteryx, species y (figs. 50 & 44), and Emeus, species y (figs. 34 & 40), differ from 
the other species of the genera in which I have provisionally placed them in possessing 
a distinctly right-angled orbit. 

The anterior part of the cranial roof, between the preorbital processes, is formed 
partly by the frontals, partly by the nasals. The junction between the two bones is 
well shown in the young skull of Anomalopteryx didiformis (figs. 12 & 17), in which, 
the nasals being lost, each frontal is seen to present a deep triangular notch for the 
lateral portion of the corresponding nasal, while between the notches the frontals end 
in a straight transverse border, with which both the mesial portions of the nasals and 
the nasal process of the premaxilla articulate. 

The nasals are in contact by their ventral surfaces with the ethmoid, exposed by 
their removal in figs. 12 & 17, and unite with one another in the middle line beneath 
the premaxilla, for the reception of which the mesial portion of the conjoined bones is 
excavated in the form of a shallow, parallel-sided groove, the premazillary fossa 
(figs. 23 & 54). Thus the mesial portion of the nasals is hidden in the entire skull, 
and the roof of the olfactory chamber is formed in this region of a triple layer of 
bone—premaxilla externally, ethmoid internally, and nasals between. Laterad of the 
premaxillary fossa the nasal appears on the surface as a triangular bone the curved 
base of which forms the posterior boundary of the nostril (figs. 5, 7, & 8), its external 
angle being produced, in a young specimen of Anomalopteryx didiformis, into a short 
maxillary process. In Dinornis torosus this process is continued as a slender bar of bone 
which passes vertically downwards, in close contact with the anterior border of the 
lacrymal (preorbital process), completing the lacrymal foramen externally, and articu- 
lating by its lower or distal end with the maxilla. In meus, species a, and E. crassus 
this process is represented by a distinct ossification which I propose to call the 
maxillo-nasal (figs. 7 & 8, mana.). I have been unable to ascertain the precise 
condition of these parts in the other genera, but Iam inclined to think there is a 
distinct maxillo-nasal in Anomalopteryx, while in Pachyornis there appears to be a 
maxillary process as in Dinornis. 

In the skull referred to Mesopteryx, species , the anterior portion of the skull-roof 
is marked with numerous shallow pits arranged more or less regularly in lines 
radiating backwards and slightly outwards from the edges of the premaxillary fossa 
(Plate LX. fig. 20). ‘They appear to indicate the presence of a crest of specially strong 
feathers, which must have consisted in the present case of paired tufts, since the pits 
are absent in the middle line. In the type specimen of Dinornis torosus, and in the 
specimen of D. robustus (D. potens, Hutton) in York Museum, similar pits occur, 
extending across the middle line and on to the preorbital processes. Similar but less 
distinct pits occur in two skulls of Anomalopteryx didiformis. Since in the two last- 
named species the pits are absent in certain skulls, it seems probable that the crest 
was possessed only by the male. 
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312 


384 PROF, T. JEFFERY PARKER ON THE CRANIAL OSTEOLOGY, 


iii. The hase of the skull. (Plate LVI. fig. 2; Plate LVII. fig. 6; Plate LX. figs. 19, 
21, & 22.) 

The basitemporal platform (b.temp.pl.) is a prominent flattened elevation on the base 
of the skull, having a nearly vertical posterior face separated by a deep groove, the 
precondylar fossa (fig. 2, pr.con.fos.), from the occipital condyle ; in the fossa two pits, 
probably venous, occur in Dinornis. The middle region of the posterior edge of the 
platform is usually somewhat excavated, the excavation being bounded on either side 
by a larger or smaller prominence, the mamillar tuberosity (Owen : basioccipital process, 
Lydekker, mam.tub.), which forms the postero-lateral angle of the platform. Owen 
considers these tuberosities to occur at the junction of the basisphenoid and basi- 
occipital, but the examination of a young skull shows them to lie at the junction of 
the basioccipital, exoccipital, and pro-otic (figs. 6,7, & 14). About the posterior third 
of the platform is formed by the basioccipital, the rest by the basitemporal underlying 
the basisphenoid; whether the basitemporal extends so far back as I have shown it in 
fig. 6 is uncertain. 

Each mamillar tuberosity is separated from the corresponding paroccipital process by 
a deep paroccipital notch, immediately behind which occur one large and several small 
foramina. The larger of these is the vagus foramen (precondyloid foramen, vagal 
foramen, Owen, vag.for.) for the ninth and tenth nerves; the smaller holes or condyloid 
foramina (con,for.) give exit to the twelfth nerve. ‘The notch between the paroccipital 
process and the mamillar tuberosity is sometimes converted into a foramen by a slender 
bar of bone bridging it over. Immediately in front of it is the carotid foramen 
(fig. 6, car.for.), leading into the canal by which the carotid artery passes to the 
pituitary fossa. In young skulls the greater part of the carotid canal is an open groove. 

The antero-lateral angles of the basitemporal platform are formed by a pair of broad 
projections, flattened from above downwards, the basipterygotd processes (b.pt.pr.) ; 
they articulate by their distal ends with the pterygoid bones. Between the basi- 
pterygoid process and the mamillar tuberosity, the lateral border of the platform is 
obliquely furrowed by a deep groove for the Eustachian tube (figs. 2 & 6, eus.gr.). 
The edges of the groove are often produced into roughened ridges, but these never 
meet below so as to convert the groove into a tube; in this respect the adult Moa 
resembles the Kiwi at the time of hatching. 

In the centre of the basitemporal platform and between the inner ends of the 
Eustachian grooves is usually to be found a more or less well-marked depression of 
variable form—sometimes short and wide, sometimes long and narrow. At its posterior 
end there frequently occurs a deep fossa, which in one young specimen was represented 
by a foramen opening into the cranial cavity a short distance posterior to the pituitary 
fossa. The aperture (fig. 6) is the posterior basicranial fontanelle (median venous 
foramen, basisphenoidal mid-ventral canal, Owen, p.b.cr,fon.), marking the incomplete 
concrescence of the parachordal cartilages of the embryo (24); the depression apparently 
marks the incomplete extension mesiad of the basitemporal. 
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Another interesting embryonic character is the occasional presence of a small pit or 
foramen situated in the middle line at the junction of the rostrum with the basitem- 
poral platform, and at the level of the anterior borders of the basipterygoid processes ; 
when patent it leads into the pituitary fossa. This is a remnant of the anterior 
basicranial fontanelle (a.b.crfon.) through which the pituitary pedicle passes from the 
pharynx to the cranial cavity. Its retention in the adult is somewhat remarkable, as 
in Apteryx (24) it is completely covered by the rostrum, and only visible when, in the 
young skull, the latter is stripped from the underlying cartilage. 

The rostrum as seen from below has the appearance of a more or less cylindrical rod 
of bone; actually it is doubtless crescentic in section, as in other birds. It is frequently 
slightly constricted towards its junction with the basitemporal platform, its middle 
region is often much compressed and keel-like, and its anterior end is pointed. It will 
be further considered in connection with the ethmoidal region, but one remark must be 
made here as to its position. It usually lies nearly or quite in the same horizontal plane 
as the basitemporal ; but in Dinornis the two are set at an obtuse angle (about 150’) 
with one another, thus giving rise to the deflected beak characteristic of that genus. 


iv. The lateral surface of the cranium. (Plate LVI. fig. 3; Plate LVII. fig. 7; 
Plate LVIII. fig. 13; Plate LIX. fig. 18; Plate LXI. figs, 35-46). 

The tympanic cavity is a deep depression bounded behind by the paroccipital 
process, above by the squamosal prominence, and mesially by a greatly pitted surface 
furnished by the exoccipital and pro-otic bones. It is continued downwards and 
forwards into a sort of pocket, the anterior tympanic recess, bounded in front by a 
thin, oblique, quarter-cylinder of bone, the pretemporal wing (figs. 6 & 15, pr.temp.w.). 
A young skull shows this process to be part of the combined basisphenoid and 
basitemporal ; probably, as in other birds, it is formed by the latter. In some cases 
the anterior tympanic recess becomes largely filled up with spongy bone and thus 
reduced to a quite insignificant cavity; it is best marked in young skulls of 
Anomalopterya didiformis, but is also large and conspicuous in Mesopterya casuarina 
and some other species. 

The sguamosal prominence (sq.prm.) is a thick outstanding mass, convex above, 
deeply concave below, and formed by the squamosal bone (mastoid, Owen), which 
articulates mesially with the parietal, exoccipital, alisphenoid, and pro-otic. It is 
preduced downwards into the zygomatic process (mastoid process, Owen, zyq.pr.), 
which, in the entire skull, lies immediately external to the quadrate, is directed 
slightly forwards, and is sometimes bifid (fig. 3); it varies considerably in length. It 
is continued upwards on to the lateral surface of the squamosal by a slightly wavy, 
subvertical posterior temporal ridge (post.temp.r.), the dorsal end of which joins the 
inferior temporal ridge described below (figs. 3 and 13). 

The margin of the tympanic cavity varies in form: in Dinornis (fig. 35) its dorsal 
edge, furnished by the squamosal, forms an even curve with its posterior edge, furnished 


586 PROF. T. JEFFERY PARKER ON THE CRANIAL OSTEOLOGY, 


by the paroccipital process, the latter being directed slightly backwards. In Hmeus 
(figs. 38, 42, and 46) the two form a slightly acute angle, the paroccipital process 
being directed forwards ; in EL. crassus there is often a kind of step at the junction of 
the two, the margin of the cavity being therefore sinuous. In Anomalopteryx (fig. 56) 
the paroccipital is still more sharply inclined forwards, the dorsal and posterior edges 
of the tympanic cavity meeting at a very acute angle, and the width of the cavity from 
before backwards being greatly reduced. 

On the roof of the tympanic cavity is the large obliquely-transverse articular facet 
for the head of the quadrate ; its outer end is immediately mesiad of the posterior 
temporal fossa described below, and is bounded behind by the zygomatic process; from 
this point it passes inwards and backwards, its inner end being exactly opposite the 
Eustachian groove. According to my observations the inclination of the quadrate facet 
(see Lydekker, 12, p. 298) is a point of no classificatory value; a straight line drawn 
through the axis of the facet makes an angle with the sagittal plane, which rarely sinks 
below 150° or rises above 140°, and which is, moreover, very variable, sometimes 
differing considerably on the two sides of the same skull. The outer two-thirds of the 
facet is furnished by the squamosal, the inner third in about equal proportions by 
the exoccipital and pro-otic (Plate LXII. fig. 70). 

The zygomatic process is, as it were, bent round the quadrate facet so as to bound its 
outer end posteriorly as well as externally, and its flattened posterior face is continued 
backwards into a horizontal tympanic ledge (fig. 2), the inner border of which gives 
attachment to the tympanic membrane, while externally it is produced into a rough 
horizontal supratympanic ridge. 

Immediately posterior to the quadrate facet is a large pneumatic foramen leading 
into the diploé of the pro-otic and squamosal. Mesiad of the inner end of the facet 
are usually three more or less well-marked depressions in the roof of the tympanic 
cavity; of these, the one nearest to the quadrate facet is a pneumatic foramen; the 
hindermost of the other two is a simple depression in the bone, while the foremost is 
the fenestral recess, containing the fenestra ovalis and fenestra rotunda. Just anterior 
to the recess, and separated from it by a vertical bar of bone, is the small aperture for 
the facial perve, immediately dorsad of which is a large pneumatic pit. ‘There is 
another small but deep pneumatic foramen encroaching on the anterior border of the 
quadrate facet, and the whole wall of the tympanic cavity is honeycombed with less 
constant depressions of various sizes. 

The temporal fossa isa deep depression between the postorbital process in front 
and the squamosal prominence behind. It is limited above by a strongly marked 
temporal ridge (linea semicircularis, temp.r.) which marks the origin of the temporal 
muscle; the ridge forms an even curve, passing from the posterior edge of the post- 
orbital process, at first backwards and upwards, and then curving round and passing 
downwards and forwards (figs. 3 and 15), so that the whole temporal fossa has a strong 
backward slope; at the base of the zygomatic process it joins the posterior temporal 
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ridge already mentioned (p. 585), and finally ends in a short, blunt pretympanic process, 
situated immediately in advance of the outer end of the quadrate facet. The ventral 
portion of the posterior limb of the tympanic ridge, between its junction with the 
posterior tympanic ridge and its termination in the pretympanic process, is conveniently 
distinguished as the inferior tympanic ridge (inf:tymp.r.). Between the inferior and 
posterior ridges thus defined, a more or less triangular space is enclosed which serves 
for the origin of the second portion of the temporal muscle, and may be distinguished 
as the posterior tympanic fossa (post.tymp,fos.). Lastly, the main temporal fossa is 
imperfectly divided, in some species, by a vertical mid-temporal ridge (figs. 12 & 13, 
m.temp.r.) at about the junction of its anterior and middle thirds and just over the 
lateral portion of the coronal suture. 

The temporal fossa varies considerably in width in the different species, being 
narrowest proportionally in Mesopterya casuarina, widest in Anomalopterya didiformis. 
But its most striking feature is the different degree of its extension on to the cranial 
roof; in most species the distance between the right and left ridges is but little less 
than the diameter of the cranium in the temporal region, while in Anomalopteryx 
didiformis it is hardly more than half that dimension. Moreover, there is usually a 
flat area between the temporal and lambdoidal ridges (see Plate LXI.); but in 
Anomalopteryx didiformis (fig. 24), Dinornis, species «, and Pachyornis, species « 
(fig. 26), in all of which the temporal fossa is unusually large, the two ridges are in 
contact. In Pachyorns elephantopus, in which there is a wide area between the two 
lambdoidal ridges, the anterior one often touches the temporal before uniting with the 
posterior ridge. 

The portion of the dorsal region of the temporal fossa lying behind the mid-temporal 
ridge is formed, as already stated, by the parietal, the part in front of the ridge by the 
frontal (figs. 7 & 18); its ventral region is furnished by the alisphenoid, which, in the 
young, joins the parietal by a straight horizontal suture situated at about the level of 
the roof of the tympanic cavity. Below, the alisphenoid is separated from the basi- 
sphenoid, in the youngest cranium I have seen, by a gently curved suture (fig. 18) 
extending forwards and downwards from the trigeminal foramen. 

The trigeminal foramen (foramen ovale, Owen, trig.for.), for the second and third 
divisions of the fifth nerve, is situated in the side-wall of the cranium below the 
temporal fossa, and in the same transverse plane as the posterior edge of the 
basipterygoid process (figs. 5 & 15); it is bounded above by the alisphenoid, below by 
the pretemporal wing. Sometimes it is partially or completely divided into two 
passages by a horizontal bar of bone; this duplication of the foramen seems to be 
constant in Mesopteryx casuarina. About 1 cm. below and in front of the trigeminal 
foramen is a small (qu. arterial?) foramen situated just above the base of the basi- 
pterygoid process as in Apterya. 

The orbits are smaller than in the majority of birds, and, as Owen pointed out, there 
can hardly be said to be an interorbital septum, owing to the backward extension of 
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the olfactory chambers. There the Dinornithide show, to a less degree, the state of 
things which reaches its maximum among birds in Apterya. 

As already remarked, the upper margin of the orbit, formed by the supraorbital 
ledge, may be either evenly curved, sinuous, or right-angled. The roof of the cavity 
formed by the projecting ledge is almost horizontal from within outwards; its mesial 
wall slopes from the supraorbital ledge downwards and inwards to the optic and 
lacerate foramina, the slope being far steeper in the narrow-skulled genera than in the 
wide-skulled Dinornis. 

Both roof and mesial wall of the orbit are pierced with vascular foramina, but the 
first feature of importance met with in this region of the skull is the optic foramen 
(op.for.). This lies in the postero-ventral region of the orbit, slightly in advance 
of the base of the rostrum. In Hmeus it is a nearly circular aperture directed from 
the cranial cavity outwards, forwards, and upwards, and its lower margin is separated 
from that of its fellow of the opposite side by a distance of about 9 or 10 mm. In 
Dinornis it is proportionally smaller and oval in outline; its lower margin is formed 
by a thin obliquely horizontal shelf of the presphenoid, represented in the other genera 
by a mere ridge, and the distance between the two foramina is about 30 mm. 

The greater part of the inner wall of the orbit is furnished by the orbital plate of 
the frontal (fig. 18), which, in the young skull, articulates below with the inferior 
aliethmoid (¢f-al.eth.) and the orbitosphenoid (or.sph.); the suture passes about 
2mm. above the optic foramen, which is therefore bounded above by the orbito- 
sphenoid, below by the presphenoid. 

Bounded above by the shelf or ridge forming the lower margin of the optic foramen, 
and below by the rostrum, is a depression, the presphenoid fossa (fig. 18, pr.sph.), 
very obvious in Dinornis, Pachyornis, Anomalopteryx, rather obscure in Mesopteryx 
and Hmeus. ‘The vertical plate of bone separating the fosse of the right and left 
sides is very thin, and is the only indication of an interorbital septum, thus showing 
an interesting approximation to the typical avian structure of the presphenoid. 

Immediately posterior to the optic foramen is the aperture called by Owen the 
prelacerate foramen or foramen rotundum, but more conveniently named the dacerate 
fossa, as it isnot a simple foramen, but a pit including three perfectly distinct foramina. 
One of these (Plate LXII. fig. 76, v!), placed postero-dorsally, is the opening of a 
tunnel-like excavation in the alisphenoid, and transmits the orbitonasal nerve. The 
second (iii), below and in front of the first, is bounded behind by the alisphenoid and 
in front by the basisphenoid, and transmits the oculomotor nerve. The third (vi & a), 
situated below and in front of the second, perforates the alisphenoid and probably 
transmits the internal ophthalmic artery ; it has in its hinder margin the aperture of a 
canal through which the sixth nerve enters the orbit. The fourth nerve (iv) enters 
through a very small foramen placed just above that for the third nerve, and quite 
outside the lacerate fossa. 
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v. The ethmoidal region. (Plate LVI. figs. 3 & 4; Plate LVII. figs. 7 & 8; Plate 
LVIII. figs. 11-15; Plate LIX. figs. 16-18.) 

The mesethmoid (figs. 16 & 18, meseth.) is a vertical plate of bone ankylosed in 
the adult by its whole ventral border to the rostrum, continuous behind with the 
presphenoid, and having its dorsal border sloping from behind forwards immediately 
beneath the nasal process of the premaxilla. It is perforated posteriorly by an 
irregular fenestra of very variable size (fig. 16), which, in the dried skull, places the 
two olfactory chambers in communication with one another. 

The olfactory chambers thus connected form a spacious cavity lying beneath and in 
front of the anterior portion of the cranial roof and extending nearly as far back as the 
optic foramen. Postero-dorsally they are perforated, on each side of the middle line, 
by one or sometimes two rather irregular apertures which serve for the passage of the 
olfactory nerves. ‘Their roof and side-walls are formed by the lateral or ectoethmoids, 
which are divisible into three principal parts. The first, or superior aliethmoid 
(figs. 17 & 18, sup.al.eth.) extends almost horizontally outwards on each side from 
about the posterior half of the dorsal border of the mesethmoid, underlying the 
nasals and the anterior part of the frontals (fig. -16) and forming the roof of the 
olfactory chambers. The second portion, or inferior aliethmoid (fig. 18, inf.al.eth.), 
is a concavo-convex plate forming the side-wall of the posterior part of the chamber, 
continuous behind with the pre- and orbitosphenoids, and in the young skull articu- 
lating by suture with the orbital plate of the frontal. 

These two are the only parts of the ectoethmoid retained in the majority of Moa 
skulls, but in good specimens there is to be seen more or less of the third portion of 
the ectoethmoid known as the antorbital plate (prefrontal, Huxley), and corresponding 
with the dilated part of what I have called the fifth portion of the ectoethmoid in 
Apteryx (24). This consists of an upright plate of thin bone (figs. 8 & 7, a.ord.) 
placed somewhat obliquely in the front part of the orbit; its mesial border is 
continuous with the inferior aliethmoid, and its lateral border is ankylosed to the 
lacrymal. It is continued forwards (in Hmeus, species «) beyond its ankylosis with 
the lacrymal by a thin scroll-like bone, the adimasal (figs. 3, 4, 7, & 8, al.n.), which 
nearly meets above with the superior aliethmoid and below with the triangular process 
described on page 390. The ossified posterior turbinal (figs. 6 & 8, fwrb.) is an 
ingrowth from the posterior end of the antorbital. 

The lacrymal (figs. 7 & 8, dac.) is completely ankylosed with the lateral border of 
the antorbital, is deeply notched, or in Anomalopteryx didiformis perforated, for the 
lacrymal duct, and presents below an oblique facet for articulation with the maxilla. 
The maxillary process of the nasal, or maxillo-nasal of Hmeus, lies immediately in front 
of and parallel with the lacrymal, converting the notch into a foramen (lac.for.). 

In Dinornis the antorbital is a much stouter bone than in the other genera, and is, 
therefore, more frequently found intact. It is much narrower than in the remaining 
forms, owing to the great size of the supraorbital fenestra (see p. 390), and is sloped 
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obliquely forwards from its lower edge; it is firmly ankylosed to the inferior aliethmoid 
as well as to the lacrymal. Its ventral border, instead of being thin and delicate, 
takes the form of a stout transverse ridge or bar of bone forming the posterior boundary 
of the aperture between the olfactory chamber and the posterior nasal passage. This 
postchoanal bar, as it may be called, is a very obvious structure when the skull is 
viewed from below (see Owen, 19, pl. 56, or Ext. Birds of N. Z. pl. 65. fig. 1, 9), 
and constitutes a striking difference between Dinornis and the smaller genera. 

A final ectoethmoidal structure, very characteristic of the whole family, is the trian- 
gular process (Plate LV1. figs. 2 & 4, tri.pr.), a horizontal plate springing by a broad 
base from the mesethmoid (fig. 18) and extending outwards at the level of the lacrymal 
foramen. It forms the anterior boundary of the aperture between the olfactory 
chamber and the posterior nasal passage, and its posterior border is connected by a 
horizontal ridge with the postchoanal bar. The bar, ridge, and triangular process 
are together called by Owen the girdle or cingulum olfactorium. 

The antorbital plate is perforated dorsally by the supraorbital fenestra. This, in 
Dinornis torosus, is a single large aperture, more than 1 cm. in length, and continued 
dorsad into a shallow fossa on the underside of the lacrymal (preorbital process), 
Apparently the Harderian gland fitted into both the fossa and the fenestra, the orbito- 
nasal nerve passing through the anterior part of the latter in its passage from the orbit 
to the olfactory cavity. Above the posterior end of the dorsal margin of the fenestra 
is a small foramen also leading into the olfactory chamber. 

In Emeus, species « (fig. 7), the supraorbital fenestra (sup.orb.fen.) is quite small 
and the Harderian pit (Hard.fos.) above it very deep; posterior to these is a 
foramen (a) leading into the olfactory chamber, and beneath it a fossa (0d), some- 
times perforated. In Anomalopteryx didiformis an intermediate arrangement. is 
found; the supraorbital fenestra is of moderate size and is connected by a wide 
groove with a fossa in the posterodorsal region of the antorbital—this last answers 
to fossa b in meus, and to the posterior moiety of the single fenestra in Dinornis; 
above it is a small foramen answering to the similarly placed hole (a) in Pachyornis 
and Dinornis. 

In good specimens a coiled posterior turbinal (fig. 6) is seen to spring from the inner 
surface of the posterior end of the antorbital. 


vi. The cranial cavity. (Plate LVIII. figs. 10 & 11; Plate LIX. figs. 15 & 16.) 
The cavity for the brain has the usual avian form ; its length and breadth are nearly 
equal, the greatest breadth being in the temporal region. The entire cavity may be 
divided into the following regions :— 
a. '!he metencephalic fossa for the medulla oblongata. 
B. The cerebellar or epencephalic fossa for the cerebellum. 
y. The mesencephalic fosse for the optic lobes. 
6. The pituitary fossa and the optic platform for the pituitary body and the 
optic chiasma. 
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e. The cerebral or prosencephalic fosse for the cerebral hemispheres. 
¢. The olfactory or rhinencephalic fosse for the olfactory lobes. 

The metencephalic fossa is furnished by the post-pituitary part of the basis cranii; it 
is gently concave both from before backwards and from side to side, and is terminated 
in front by the dorsum selle, while behind it is continued on to the flattened dorsal 
surface of the occipital condyle. Near its posterior end is seen on each side the large 
vagus foramen (va.for.) and mesiocaudad of this the two small condyloid foramina 
(con. for.). 

In front of the vagus foramen and separated from it by a vertical bar of bone about 
2 mm. wide is the internal auditory meatus (fig. 16, int.aud.m.), a shallow pit 
containing the foramina for the facial and auditory nerves. The minute alducent 
foramen for the sixth nerve lies on a line joining the internal auditory meatus with 
the middle of the dorsum sell (fig. 15, abd.for.), and about 5 or 6 mm. from the 
latter. Between the abducent foramina a median aperture of considerable size is 
sometimes found, in one instance communicating with the pituitary fossa; this is 
the internal opening of the posterior basicranial fontanelle. 

The cerebellar fossa (fig. 11, cer.fos.) is in the roof of the cranium and is bounded 
mainly by the supraoccipital and parietals above and by the pro-otics laterally. It is 
bounded behind by the dorsal edge of the occipital foramen, and in front by the 
median portion of the tentorial ridge, while ventrally it passes insensibly on each side 
into the metencephalic fossa. It is marked by a series of transverse grooves corres- 
ponding with the gyri of the cerebellum. On each side, about 3 or 4 mm. above the 
internal auditory meatus, is the small floccular fossa, which varies considerably in size 
in different individuals. 

The mesencephalic fossa (mesen.fos.) lies in the alisphenoid, laterad of the dorsum 
selle (fig. 10) and is bounded externally by the ventral portion of the tentorial ridge. 
It is largely occupied by a shallow depression for the root of the trigeminal nerve, 
and from this depression the trigeminal foramen proceeds directly outwards (fig. 16, 
trig.for.), and the tunnel-like orbitonasal foramen (07b.xa,for.} forwards and slightly 
outwards to the lacerate fossa (vide supra, p. 388). 

The pituitary fossa or sella turcica (pit.fos.) is an almost spherical depression in the 
middle of the cranial floor. It is bounded behind by a ridge, the dorsum selle, 
which curves forwards on each side and ends at the small oculomotor foramen 
(oc.for.). In front the pituitary fossa is bounded by a transverse prepituitary ridge 
(fig. 16, pr.pit.r.), anterior to which is a wide ledge, the optic platform, terminating 
on either side in the optic foramen (op,for.). Almost vertically above the prepituitary 
ridge is a similar transverse prominence, the preoptic ridge (fig. 16, pr.op.r.), forming 
the upper boundary of the optic platform and passing laterad into the tentorial ridge. 

The optic foramen is bounded behind by a vertical bar of bone separating it from 
the apertures for the third nerve and the internal ophthalmic artery (fig. 16). The 
oculomotor foramen (oc.for.), which is the uppermost of the two, is continued back- 
wards by @ groove placed sometimes just above, sometimes just below the continuation 
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of the dorsum sell: the internal ophthalmic foramen (int.op.for.) is also continued 
by a groove which extends downwards and backwards to the entrance of the internal 
carotid artery (car,for.). The internal opening of the minute pathetic foramen (path. 
for.) is placed about 1 mm. dorso-laterad of the oculomotor. The internal carotid 
canals (car.for.) open by paired apertures placed close together in the posterior wall 
of the pituitary fossa. And lastly, in occasional instances, the fossa is perforated 
anteriorly by the anterior basicranial fontanelle. 

The cerebral fosse lie altogether in front of the cerebellar fossa, there being no 
overlapping of the cerebellum by the hemispheres such as occurs in Apteryx. They 
are separated from the cerebellar fossa by the prominent tentorial ridge, which, starting 
in the centre of the skull-roof, almost exactly above the dorsum sella, sweeps at first 
backwards, outwards, and downwards, and then forwards, downwards, and slightly 
inwards, and finely comes to an end near the extremity of the preoptic ridge. From 
the middle of the tentorial ridge a somewhat less prominent median elevation, the 
bony falx, passes forwards and ends just over the crista galli, marking the separation 
of the hemispheres dorsally. 

The line of separation between the hemispheres on the ventral surface is similarly 
indicated by a low median ridge which extends from the crista galli backwards to the 
preoptic ridge. For a distance of about 5 mm. (in Hmeus) on each side of this 
ridge the cerebral fosse are floored by the presphenoid (fig. 15, pr.sph.); from it the 
orbito-sphenoids (or.sph.) extend outwards and backwards, forming the dorsal 
boundaries of the optic foramina. ‘The resemblance of this portion of the Moa’s 
skull to that of an embryo Kiwi is very striking; in the adult Apterya the 
presphenoid undergoes a remarkable shortening. 

The anterior moiety of the roof and side-walls of the cerebral fossa is furnished by 
the frontal, the posterior portion by the parietal and alisphenoid. A low horizontal 
ridge running a short distance above the parieto-alisphenoid suture indicates the 
presence of a similarly-placed sulcus on the cerebrum. 

The olfactory fosse are paired oval pits placed vertically at the anterior end of the 
cerebral fossee. They are separated from one another by a narrow bony ridge, the 
crista galli, and the floor of each is perforated by a variable number of somewhat 
irregular apertures for the branches of the olfactory nerve. 


b. The Premaxilla. 


The premaxilla is a triradiate bone which may be described in general terms as 
consisting of a thickened body which forms the end of the beak, a median dorsal nasal 
process, paired ventro-lateral mavillary processes, and thin ventral palatine processes 
connected in front with the body and externally with the maxillary processes. 

The anterior extremity of the body, forming the apex of the beak, is rounded in 
Dinornis and Emeus, bluntly pointed in Pachyornis, Mesopteryx, and Anomaloptery.. 
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Its gently curved alveolar margins are marked, especially in Dinornis, with a broad, 
shallow groove, and are continued horizontally inwards into a flattened ventral plate ; 
from this is given off a strong ascending keel, formed posteriorly of paired plates, but 
solid in front and gradually diminishing in height towards the tip of the beak. The 
dorsal edge of the triangular vertical keel thus produced is expanded to form a pro- 
minent median ridge passing behind into the nasal process and in front continued 
more or less distinctly to the apex of the beak; this ridge is best developed in Dinornis, 
in Hmeus it is almost obsolete. The portion of the vertical keel included between the 
ridge above and the ventral plate below has a triangular form, and is, as already stated, 
bilaminar posteriorly; it constitutes the prenarial septum (Owen), and is especially 
well-marked in Dinornis; the extremity of the ankylosed rostrum and mesethmoid 
fits between its lamine. 

From the ventral plate of the body the thin, horizontal, palatine processes pass 
backwards, diverging slightly so as to enclose a median palatine notch, through which 
in the perfect skull (figs. 2 & 6) the anterior end of the vomer and rostrum are seen. 
In Hmeus the posterior end of the inner margin of the palatine plate gives off a some- 
what pedate vomerine process (vo.pr.) which passes inwards and clamps the vomer ; 
this process is small or absent in the other genera. The proportional length of the 
palatine process and of the body of the premaxilla differs greatly in the various genera. 

From the posterior end of the alveolar margin of the body is given off the irregular 
horizontally-flattened maxillary process, which extends backwards (figs. 5 & 7, ma.pr.) 
dorsad of and in close contact with the anterior end of the maxilla, and ends close to 
the base of the maxillo-palatine and immediately below the ventral end of the maxillo- 
nasal. 

The nasal process is a flat plate extending backwards and upwards from the body 
to the fronto-nasal suture, its posterior end lying, as already stated, in a shallow, 
parallel-sided groove, the premaxillary fossa, furnished by the mesial portion of the 
nasals. Its anterior or proximal end, where it joins the body of the bone, is slightly 
thickened in Dinornis, considerably thickened and somewhat triangular in section in 
Anomalopteryx, Pachyornis, and Mesopteryx, greatly thickened and almost cylindrical 


in Lmeus. 
c. The Maxillo-jugal Arch. 


This consists of the usual three bones, the maxilla, jugal, and quadrato-jugal. 

The maailla consists of two parts, a slender external and posterior portion, the 
maxilla proper, and an irregular expanded antero-mesial portion, the maaillo-palatine 
process (Plate LVII. figs. 6,7, & 8, maz.pal.; Plate LXII. figs. 63 & 64). The 
maxilla proper is a slender rod presenting a flat ventral surface, an oblique lateral 
surface, a very narrow, smooth mesial surface, and a dorsal surface, to the whole length 
of which the jugal is applied. 

The maxillo-palatine, in Dinornis, Pachyornis, Mesopteryx, and Anomalopterya, is a 
very irregular shell of thin bone, with a spacious cavity, the antrum, opening poste- 
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riorly by an aperture placed in the angle between the maxilla and the palatine (fig. 63). 
Its ventral surface forms a nearly flat plate, roughly triangular in form; its lateral 
border and postero-lateral angle pass insensibly into the maxilla proper; its postero- 
mesial angle is produced into a short recurrent process which articulates with the 
palatine; the hinder half of its medial border also articulates with the palatine, and its 
anterior angle and the fore half of its mesial border with the premaxilla. From this 
flat ventral plate an irregular hollow mass of bone extends dorsad and fits into a space 
left between the other facial bones at the base of the beak. Its anterior surface 
appears in the ventro-lateral corner of the external nostril (figs. 7 & 8), articulating 
with the palatine process of the premaxilla below, with the rostrum mesiad, and with 
the maxillary processes of the premaxilla and nasal externally. Its dorsal region 
articulates with the anterior border of the triangular process of the mesethmoid (fig. 8). 
Its posterior surface, which is smooth and concave, forms part of the anterior wall of 
the posterior nasal aperture. 

In Emeus the structure of the maxillo-paiatine is strikingly different ; its ascending 
portion, instead of being a hollow shell, is an irregular flattened plate (fig. 64), either 
quite solid or presenting a mere vestige of the antrum in the form of a very small pit 


on the posterior surface. By this peculiarity Hmeus is sharply distinguished—at least 
so far as my enquiries go—from the remaining Dinornithidee 

The jugal is a slender bone forming the greater part of the dorsal surface of the 
maxillo-jugal arch (figs. 6 & 7). It articulates by about the anterior half of its ventral 
surface with the maxilla, by the posterior half with the quadrato-jugal. Near its 
posterior end the dorsal edge of the bone is raised into a low triangular process 
which extends upwards towards the postorbital process of the frontal. 

The quadrato-jugal (figs. 6 & 7) articulates by more than the anterior half of its 
outer surface with the jugal and maxilla; thus the whole length of the bone is exposed 
on the mesial side of the maxillo-jugal arch, while less than half appears on the 
lateral surface. In the greater part of its extent it is flattened from side to side, but 
posteriorly it is much thickened and presents on its inner surface an oval facet for 
articulation with the quadrate. 


d. The Vomer, Palatine, and Pterygoid. 


The vomer in fully adult specimens of Emeus, species a, and FE. crassus is a delicate 
bone (figs. 2 & 6, vo.) formed of paired lamin united in front but diverging behind, 
and enclosing an acute dihedral angle. In its whole length it embraces the rostrum ; 

nteriorly it passes dorsad of the vomerine processes of the premaxilla and articulates 
with the maxillo-palatines ; posteriorly each lamina turns outwards and fits into a 
groove between the palatine and pterygoid, its lateral border articulating with the 
mesial border of the palatine, and its posterior extremity being covered ventrally by the 
vomerine process (vo.pr.) of that bone. 
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In Mesopteryx, species 8 (Plate LX. fig. 21) there are distinct paired vomers ; a similar 
condition appears to obtain in Anomalopteryx and in young skulls of Hmeus crassus. 
Owen’s figure of Dinornis torosus (20, pl. 15; Ext. Birds of N. Z. pl. 82) also shows 
paired vomers ; probably their concrescence is a sign of age. 

The palatine is a delicate, twisted plate of bone, passing from the anterior end of the 
maxilla in front to the pterygoid behind (fig. 6). Its anterior end is somewhat fan- 
shaped and underlaps the maxillo-palatine; immediately posterior to this expanded 
portion it is notched for articulation with the recurrent process of the maxilla. The 
whele bone is twisted, the inner border of its anterior end becoming ventral in the 
middle and finally external at the posterior end; at the same time the dorsal border 
turns mesiad, reaching to within a short distance of the rostrum. The posterior end 
is obliquely truncated and articulated by all but its ventral extremity with the vomer, 
becoming ankylosed with it in the adult. ‘The ventral extremity of the posterior 
border is produced into a thickened squarish vomerine process (vo.pr.) which underlies 
the posterior end of the vomer, and laterad of this process the bone presents a 
short pointed end which underlies the pterygoid. 

The pterygoid (pt.) is a stout irregular bone with a bluntly-pointed anterior and a 
thickened posterior end. By about the anterior half of its ventral border it articulates 
with the combined palatine and vomer; by its inner surface it articulates with the 
basipterygoid process; its outer surface lies parallel to and in close contact with the 
orbital process of the quadrate ; and its posterior end expands into a somewhat pedate 
surface for articulation with the quadrate. 


e. The Quadrate. 


The quadrate consists, as usual, of a Jody bearing the condyle for articulation with 
the mandible, an upwardly-directed otic process, terminating in the head for articu- 
lation with the tympanic cavity, and a forwardly-directed orbital process. 

The articular surface on the head is somewhat wider at its outer than at its inner 
end, and presents no trace of the double facet found in Apterya. ‘The otic process is 
subtrihedral, presenting a lateral border running upwards from the quadrato-jugal 
facet, a mesial border from the outer condyle, and an anterior border from the orbital 
process ; a posterior surface between the mesial and lateral borders, a mesial surface 
between the anterior and mesial borders, and a lateral surface between the anterior 
and lateral borders. On the mesial surface, just where the otic process merges into 
the body of the bone, is a pneumatic foramen which varies greatly in size in the 
different species and even in different individuals of the same species; speaking gener- 
ally, it appears to be large in Dinornis, Anomalopteryx, and Pachyornis as well as in 
Mesopteryx, species 3; smaller in EHmeus, and smallest of all in Mesopteryx casuarina. 
In Anomalopteryx didiformis there is sometimes a second pneumatic foramen on the 
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posterior surface of the bone at a slightly lower level than the mesial one, and in one 
specimen of Dinornis robustus there are two additional foramina on the posterior 
surface, one at the level of the mesial aperture, the other close to the head. On the 
whole the characters of the quadrate appear to be too variable to be of much use for 
systematic purposes. 

The orbital process is laterally compressed and bluntly pointed. On its mesio-ventral 
border is a small facet (pterapophysial facet, Owen) for the pterygoid, and at the base 
of the same border and extending downwards on to the body of the bone is a larger 
facet with which the posterior end of the pterygoid articulates. 

The ventral face of the body bears the usual two condyles for articulation with the 
mandible, The inner condyle is placed transversely and is separated by a narrow 
interspace from the outer condyle, which is set at an angle of about 45° with the sagittal 
plane. Immediately above the outer extremity of the external condyle is the deep 
hemispherical fossa for articulation with the quadrato-jugal. 


ft. The Mandible. 


‘The lower jaw consists of two gently curved rami ankylosed with one another in front 
in a wide symphysis. 

Fach ramus is expanded at its posterior end to form a cup-like articular surface for 
the quadrate, the outer border of which projects but slightly beyond the level of the 
ramus, while internally it is much produced and ends in a triangular internal angular 
process. ‘The surface for the outer condyle of the quadrate forms a long narrow facet 
running parallel with the outer and posterior edge of the cup: that for the inner 
condyle is an oval surface, deeply concave from within outwards, situated on the anterior 
margin of the cup, just mesiad of its junction with the ramus. At the base of the inner 
surface of the internal angular process is a nearly circular pneumatic foramen, which, 
however, is sometimes absent in Hmeus and Mesopteryx, At the posterior end of the 
surface for the outer condyle the bone is produced into a posterior angular process, 
which is small in Dinornis, large and prominent in the other genera. Both internal and 
posterior angular processes are continued on to the ventral surface of the articular cup 
by ridges which meet each other below: they are especially prominent in Hmeus. 

The ventral edge of each ramus has a sigmoid curve in all genera but Anomalopterya, 
being convex downwards in its posterior, concave in its anterior half, and the latter 
being more or less deflected. The curvature of the dorsal follows to some extent that 
of the ventral border, but is less regular. ‘The deflection is most marked in Linornis, in 
which, when the mandible is placed upside down on a horizontal surface, the tip of the 
beak is raised 35-45 mm. above the horizontal. In Pachyornis, Mesopteryx, and Emeus 
this distance does not exceed 10-15 mm., and in Anomalopterya the jaw is nearly 
straight. The general plane of the ramus is vertical or nearly so in Pachyornis, 
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Anomalopteryx, Emeus, and Mesopteryx; in Dinornis it is inclined, sloping outwards 
from its lower border. The anterior end of the dorsal edge presents a distinct alveolar 
groove, like that on the premaxilla; the posterior end is produced into a rough 
irregular coronoid process for the insertion of the temporal muscle. 

The form of the symphysis naturally follows that of the premaxilla, being broad in 
Dinornis and Emeus, narrow in Pachyornis, Mesopteryx, and Anomalopterya. The result 
of this is that the entire mandible is U-shaped in the two first-named genera, V-shaped 
in the others. The symphysis itself is almost horizontal, and shows considerable 
variation in its proportional length. Its ventral or outer surface is marked with a broad 
ridge, like that on the premaxilla, very well marked in Dinornis, less so in Pachyornis, 
Mesopteryx, and Anomalopteryx, and only just raised above the surface in Emeus. 

On the inner surface of each ramus, 1—2 cm. in advance of the articular cup, is the 
dental foramen for the mandibular nerve ; it perforates the bone, appearing externally 
at the hinder end of a deep groove along which the nerve runs, entering the ramus, 
between the two lamine of the dentary, at its anterior end. Two small foramina lie in 
the groove, one near its lower border, the other towards the anterior end of its dorsal 
border ; they perforate the bone and probably transmit nerves to the tissues on the 
inner surface of the jaw. 

Another pair of foramina, apparently for the symphysial branches of the mandibular 
nerve, lie in the posterior edge of the symphysis, usually just in the re-entering angle 
between the rami. They generally lie side by side, occasionally one above another ; in 
some cases they are united at their origin into a single foramen, and in one instance 
have moved forwards to near the anterior end of the symphysis. 

Limeus has, of all genera, the stoutest and most coarsely built jaw, Anomalopterya 
coming nearest to it in this respect. The mandible of Dinornis, in spite of its strong 
symphysis, has comparatively weak rami, but the most delicate lower jaw of all is that 
of Mesopteryx casuarina. 

In young specimens the mandible readily divides into three parts: a symphysial 
portion, containing the ankylosed dentaries and the splenials, which latter are separate 
in still younger skulls ; and the posterior portions of the two rami, each containing the 
articular, angular, supra-angular, and coronary (fig. 7). None of the specimens I have 
seen show the latter group of bones in the separate condition, but in a young 
mandible of Anomalopteryx didiformis the outlines of the angular and supra-angular 
can be traced where they overlap the articular. The splenial is well shown in a 
mandible of Hmeus crassus; it extends from about the level of the dental foramen 
forwards to within 4 mm. of the symphysis. Lastly, in the type specimen of Dinornis 
torosus, in which the splenial is absent, the articular is continued forwards into a 
cylindrical tube of bone lying immediately mesiad of the dental foramen and evidently 
representing the superficially ossified proximal end of Meckel’s cartilage. 
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g. The Hyoid. 


In the skull of Emeus, species a, figured on Plate LVI., the posterior cornua of the 
hyoid—probably the only ossified parts—are present, as well as the larynx and anterior 
end of the trachea. They consist of gently curved rods of bone, 57 mm. long, 2mm. 
in diameter, and expanded at both ends. 

Mr. Booth, who found this skull, told Professor Hutton that he saw in the ear a 
delicate hair-like bone which he was unable to preserve; no doubt this was the 
columella auris. 


4, A COMPARISON OF THE SKULLS OF THE DINORNITHIDA! WITH THOSE 
OF THE OTHER Ratita. 


The occipital region is usually less clearly marked off from the skull in the other Ratite, 
the lambdoidal ridge being comparatively faint: the fully adult Apterya australis forms, 
however, an exception ; in it the lambdoidal ridge is very strongly marked, and there is 
a distinct angulation between the roof and the hinder wall of the cranium. There 
is no indication of the anterior lambdoidal ridge, and although the median occipital 
region is swollen over the cerebellar fossa, the occipital crest is generally poorly 
developed or absent; it is most distinct in Apteryx australis. The supraforaminal ridge is 
obvious in all, and is continued to the angle of the paroccipital process; in Apterya it 
is interrupted, just at the margin of the foramen magnum, by a notch. Apteryx is the 
only genus which resembles the Moas in its pedunculate occipital condyle, as also in 
the great breadth—in relation to height—of the entire occipital region, In having 
the plane of the occipital foramen vertical or nearly so the Dinornithide stand alone. 

The roof of the cranium is more rounded in the other Ratitee, and in all but Apterya 
and Casuarius the parietal region slopes backwards instead of being nearly flat. Asa 
consequence of this, the temporal fossa has a much stronger backward inclination in 
Struthio, Rhea, and Dromeus, and the postorbital process is nearly in the same trans- 
verse plane as the zygomatic instead of being well in advance of it. In this respect the 
Cassowary approaches very closely to the Moas. 

Another very marked difference in the roof of the cranium is due to the relatively 
small size of the eyes in the Dinornithide. In the Ostrich, Emu, and Rhea, the 
width of the orbit from the postfrontal process to the lacrymal is about equal to the 
width of the cranium at the paroccipital processes ; in Caswartus galeatus it is about four- 
fifths of the width, in the Moas not much more than half. Moreover, the interorbital 
region of the skull-roof in the Ostrich, Rhea, Emu, and Cassowary is narrow, while its 
preorbital region broadens out suddenly owing to the presence of large wing-like 
orbital processes to the lacrymals. In the Moas this projection is only represented by 
the comparatively small body of the lacrymal. In Apteryx there are no post or pre- 
orbital processes, and the skull-roof narrows gradually from the occipital to the nasal 
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region. Struthio is peculiar in having a forwardly-directed process, given off from the 
supraorbital ridge, which meets the lacrymal, enclosing a notch or foramen. 

The nasals of the Dinornithide differ from those of all the other Ratite in the 
junction with one another of their posterior ends above the ethmoid, so that none of 
the latter appears on the surface. In the Ostrich, Rhea, Emu, and Kiwi a lozenge- 
shaped area of the ethmoid appears between the bases of the nasals; in the Cassowary 
the same arrangement obtains in the young birds (25) at the time of hatching, but in 
the adult the actual condition of things is hidden by the development of the crest. 

The maxillary process of the nasal is well developed in Struthio and Apteryz, 
extremely small and delicate in Dromwus, absent in Ihea and (?) Casuarius. It is 
somewhat remarkable that the absence or vestigial nature of this process should be 
given as a general character of the Ratite by Garrod (4) and Fiirbringer (3). 

On the base of the skull of the other Ratitee the basitemporal platform is not raised 
beyond the general level of the skull-floor to anything like the same extent as in the 
Moas, and the precondylar fossa is therefore comparatively shallow. It is best defined 
in Apteryz, in which also the mamillar processes are even longer proportionally than in 
the Dinornithide, while in the other genera they are considerably less developed, 
being fairly prominent in Caswarius, small in Dromeus and Struthio, and obsolete in 
thea. 

The paroccipital notch may or may not be bridged over by bone. ‘The vagus foramen 
lies in the notch in Apteryx, Dromeus, and Casuarius, mesiad of it—as in the Moas— 
in Struthio and Rhea. In the Australian genera the ventral edges of the Eustachian 
tubes are prominent and sometimes meet, converting the groove into a canal. In the 
Ostrich, Rhea, and Kiwi there are actual tubes, the closure of the groove being more 
complete in the two first-named genera than in Apterya. 

Another variable point is the extent to which the carotid canal is closed by bone 
and the resulting position of its external aperture. In the Ostrich, as in the Moa, the 
carotid foramen lies in or slightly in front of the paroccipital notch; in the Emu and 
Cassowary it is on the lateral surface of the basitemporal platform, immediately caudad 
of the Eustachian groove and laterad of the mamillar tuberosity ; in Rhea it is ina 
similar position, but slightly further forward ; and in Apteryx it is altogether in front 
of the mamillar tuberosity and fully visible from below. 

The basipterygoid processes are most dinornithic in Apterya and Dromeus; in the 
other three genera they are proportionately longer and more slender. Between their 
bases the minute anterior basicranial fontanelle sometimes occurs in Struthio, Rhea, 
Casuarius, and Dromeus, but I have never seen any trace of it in the adult Apterya. 
Amongst my specimens a young fthea is the only one showing any sign of the posterior 
basicranial fontanelle. 

The rostrum of the Ostrich is rounded below; that of all the other genera is keeled, 
except at the posterior end, the carination being most marked in Apferge. 

3L2 
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Apteryx is the only genus besides the Dinomithide which has a well-marked 
tympanic ledge ; in all the others the cavity is bounded laterally only by the sharp- 
edged supratympanic ridge. 

The quadrate facet on the roof of the tympanic cavity presents some interesting 
variations in the various genera (Plate LXII. figs. 65-70). In the Dinornithide, as we 
have seen, it is almost regularly oval, its inner third furnished by the pro-otic and 
exoccipital, its outer two-thirds by the squamosal (fig. 70). In Struthio (fig. 69), at 
about the middle of its anterior or mesial border, it is somewhat deeply notched ; as 
all the specimens at my disposal were adults, the boundaries of the constituent bones 
could not be made out. A similar notch occurs in Dromus (fig. 67) and Caswarius 
(fig. 68), and the facet is divisible into an inner or prootic-exoccipital and an outer or 
squamosal region; moreover, in the Cassowary the anterior edge of the external 
region of the facet is encroached upon by the alisphenoid, which thus takes its share in 
furnishing the articular surface. In Rhea (fig. 66) there is no notch, and the pro-otic 
portion of the facet appears in an adolescent skull as a wedge of bone near the posterior 
end of its anterior or mesial margin, and divided into a larger anterior and a smaller 
posterior portion; the posterior end of the facet is therefore formed mainly by the 
exoccipital: the alisphenoid enters into the facet as in Caswarius. Lastly, in Apterya 
the facet (fig. 69) is distinctly divided into three portions—a mesial furnished partly by 
the pro-otic, partly by the exoccipital!, a postero-lateral by the squamosal, and an 
antero-lateral by the alisphenoid. 

The anterior tympanic recess is large in all genera but Apterya. The Ostrich differs 
from the others in having a large (gu. venous?) foramen excavated in the postero-ventral 
region of the pretemporal wing immediately cephalad of the Eustachian groove. 

The zygomatic process is more slender in the other Ratite than in the Moas, and is 
directed outwards as well as forwards and downwards. ‘The squamosal prominence 
is always obscure, and there is never more than the merest trace of the posterior 
tympanic fossa and ridge. In the Emu there is a distinct facet on the inner surface of 
the distal end of the zygomatic process for articulation with the quadrate. In Rhea the 
squamosal sends off, posterior to the zygoma, a process which passes forwards and is 
nearly met by a similar process from the pretemporal wing, the two together forming 
an almost complete ring round the posterior projection of the head of the quadrate. 

‘The temporal fossa and ridge are far less strongly marked in the Ostrich, Rhea, Emu, 
and Cassowary than in the Moas, and in none of them is there any trace of the mid- 
temporal ridge. In Apterya, on the other hand, the temporal fossa is very wide from 


* In my paper on Apteryx (24) I incorrectly described this facet as being furnished exclusively by the 
pro-otic, but a renewed examination of stage M shows a distinct suture passing vertically across it and 
dividing off a posterior part furnished by the truneated end of a bar-like process of the exoccipital just above 
the fenestral recess. 
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before backwards, reaching well in advance of the optic foramen; the temporal ridge 
is strong, and there is a mid-temporal ridge at about the junction of the middle and 
posterior thirds of the fossa. 

The comparative size of the orbit constitutes, as already remarked, one of the most 
striking differences between the Moas and Kiwis and the other Ratite. In the latter 
the orbits are separated from one another by a median vertical plate of bone, the 
interorbital septum, represented in the Dinornithidee only by the wall between the 
presphenoid fossee and wholly absent in Apteryx. In an adolescent skull of Rhea the 
posterior third of the septum is formed by the presphenoid, the anterior two thirds by 
the mesethmoid. There is thus produced an almost straight mesial wall to the orbit, 
passing above and behind into the arched upper and posterior wall, which is formed 
above by the orbital plate of the frontal, below by the alisphenoid. In the Dinor- 
nithide, there is no clear distinction between the mesial and the postero-dorsal wall of 
the orbit, the two passing insensibly into one another; the anterior part of the mesial 
wall is formed by the inferior aliethmoid, owing to the backward extension of the 
olfactory capsules between the eyes, and the presphenoid is limited to a small area 
below the optic foramen. In Apteryx the last trace of the interorbital septum dis- 
appears, the swollen aliethmoids reaching back to the optic foramen. 

The optic foramina are close together in all the more typical Ratita, being separated 
from one another in front by the edge of the interorbital septum, which is very thin in 
all but Struthio; the adjacent foramina show, however, considerable variations. In 
the Ostrich (fig. 71) the oculomotor foramen (iii & vi) lies immediately behind the 
optic and is continued into the interior of the skull bya groove, into the floor of which 
the canal for the sixth nerve opens, the oculomotor and abducent nerves having there- 
fore a common entrance into the orbit. The internal ophthalmic artery apparently 
goes out separately by the foramen marked a. The small foramen for the fourth nerve 
(iv) lies just above that for the third, and the orbitonasal foramen (v!) is an oblique 
passage just behind it. Ina young specimen the foramina for the third, fourth, and 
sixth nerves are represented by an oblique cleft communicating with the optic foramen. 
The trigeminal foramen for the second and third divisions of the fifth nerve may be 
divided by a narrow vertical bony bar. 

In Rhea (fig. 72) the oculomotor foramen (iii and vi) is immediately behind and below 
the optic, and the canal for the sixth opens just within its margin; below and in front 
of it is an equally large aperture (a), which probably transmits the internal ophthalmic 
artery. ‘The oculomotor and pathetic nerves enter through very oblique foramina (iv, v') 
in the usual positions. In Dromeus (fig. 75) the sixth nerve (vi) hasa special foramen 
below the oculomotor (iii). In Caswarius (fig. 74) the third nerve makes its exit 
through a notch (iii) in the posterior margin of the optic foramen, the sixth (vi) 
through a special foramen; a notch (a) in the ventral border of the optic foramen 
possibly transmits the internal ophthalmic artery. In Apteryx (fig. 75) there are 
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distinct orbitonasal, oculomotor, and abducent foramina, but the fourth nerve goes out 
through the optic foramen. ‘Thus all the Australasian genera agree in having a 
distinct foramen for the sixth nerve ; the Moas are peculiar in having the oculomotor, 
orbitonasal, and abducent foramina sunk in a fossa (fig. 76). 

In the structure of the ethmoid Apteryx stands at one end of the series, the Dinorni- 
thide in an intermediate position, and the remaining Ratitz at the other end. In the 
Moas, as we have seen, the lateral ethmoid extends backwards almost to the optic 
foramen, its posterior part consisting of the gently sloping inferior aliethmoid, which is 
continued in front into the obliquely set antorbital. In Apterya the place of both these 
portions is taken by the shell-like aliethmoid, which extends from the optic foramen to 
the lacrymal, bulging outwards in its whole extent and undergoing a special dilatation 
immediately caudad of the lacrymal. In the remaining Ratite the olfactory cavity is 
not continued backwards behind the antorbital, the latter springing directly from the 
mesethmoid and passing outwards and forwards to the lacrymal. In Struthio and 
hea only the mesial portion of the antorbital is ossified, so that in the dry skull a 
considerable space is left between its outer edge and the lacrymal. In Dromeus and 

Jasuarius the ossification extends to the lacrymal, and the dorsal portion of the bone 
is hollowed by a deep pit for the lacrymal gland. In Struthio, Rhea, and Casuarius 
the descending process of the lacrymal bone is merely notched for the lacrymal duct ; 
in Dromeus and Apteryx it is perforated. ‘ 

The postchoanal bar formed by the ventral border of the antorbital is most distinct 
in the Ostrich and Emu. The mesethmoid is perforated posteriorly, so as to place the 
olfactory chambers in communication, in the Ostrich, Rhea, and Emu, but not in the 
Cassowary and Kiwi. In the possession of the triangular process of the mesethmoid 
the Moas stand alone. 

Leaving Apteryx aside, the chief difference between the Dinornithide and the other 
Ratite as regards the cranial cavity is the greater size of the mesencephalic fosse in 
the latter. ‘The pituitary fossa of the Moas is most nearly approached by that of Struthio, 
in which the thickness of the presphenoid gives rise to a broad optic platform, poorly 
marked in all the other genera. The cerebral fossee are more pointed anteriorly in the 
other genera and are continued forwards into deep conical olfactory fossee; in this point 
also it is the Ostrich which approaches most nearly to the Moas; its hemispheres are 
blunter and its olfactory lobes shorter than in the American and Austro-Malayan forms. 

Apteryx agrees with the Dinornithide in the small size of the mesencephalic fosse, 
but is quite peculiar in the great proportional size of the cerebral and olfactory fosse. 
The hemispheres extend backwards over the cerebellum, the cerebellar fossa being 
therefore pushed backwards and the tentorial ridge made almost horizontal. Owing 
to the great size of the olfactory fossee, the crista galli is nearly as long as the basis 
cranii from the dorsum sellie to the occipital condyle. 

The premaxilla has the usual structure in all, In the Ostrich alone the palatine 
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plates are quite vestigial; in the other genera they extend backwards and articulate 
with the vomer: there is no vomerine process as in some of the Moas. In Struthio, 
Rhea, and Dromeus the body of the bone is very flat, but in Caswarius its median 
region is elevated into a strong arched keel, from which the nasal process proceeds, and 
there is a distinct prenarial septum. In Apteryx the form of the body is essentially 
similar: its height is equal to its breadth, and there is a short, thick prenarial septum. 
The unique form of the beak in this genus is due to the shortening of the body of the 
premaxilla and to the elongation of the region between the prenarial septum in front 
and the turbinals behind. 

The maxilla shows a wide range of variation. In the Ostrich (Plate LXII. fig. 59) it 
is a flat bone divided posteriorly into palatine and jugal processes, and sending off from 
its mesial border an axe-head-shaped maxillo-palatine, which articulates by its thickened 
inner edge with a facet on the side of the vomer. ‘The lateral half of this process is 
double, consisting of dorsal and ventral lamin so arranged as to enclose a wedge-shaped 
cavity, the antrum, open behind. In hea (fig. 60) the maxillo-palatine is a broad 
flat plate which gives off from its dorsal surface a nearly vertical, slender, ascending 
process, which is attached by an outer crus to the maxilla proper and by a long inner 
crus to the maxillo-palatine. Between the two crura is a small cavity opening behind, 
apparently the vestige of an antrum. In the Emu (fig. 61) the maxilla is narrow, 
except at its anterior end, where it broadens out into a maxillo-palatine having the form 
of a pocket, wide from side to side, narrow from above downwards, and opening behind 
along its whole width; this cavity is obviously the antrum, resembling pretty closely 
that of the majority of the Moas (fig. 63), but situated farther forwards. In Casuarius 
galeatus (fig. 62) the maxilla proper is still narrower, but the maxillo-palatine has the 
form of a long conical pouch, like a jelly-bag, its point directed forwards, dorsad of the 
palatine process of the premaxilla, and its base widely open behind. Lastly, in Apterya 
the maxilla is a long flat bone and the maxillo-palatine is represented only by a narrow 
seam-like projection of its mesial border: there is no dorsal prolongation of the 
maxillo-palatine, the walls of the antrum being entirely membranous. 

It is obvious that in the structure of the maxillo-palatine, upon which Huxley largely 
founded his classification of birds (10), the Dinornithide, with the exception of meus, 
approach most nearly to the Australian Ratite. Prof. Huxley makes no mention of 
the antrum, describing the maxillo-palatine of the Emu, Cassowary, Moa, and Kiwi as 
flat imperforate plates. 

In the structure of the vomer it is Apterya which comes nearest to the Dinornithide, 
that genus having a single vomer, deeply cleft posteriorly and ankylosed with the 
palatines and pterygoids. ‘The maxillo-palatines touch it by a part of their thin mesial 
edges, but do not articulate with it. In Casuarius it has the same general form and 


1 In the skulls in the Otago University Museum, as also in Huxley’s (10) and Selenka’s (27) figures ; but 


in my father’s figures of advanced embryos (25) large palatine processes are shown. 
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relations, but is proportionally much longer and more slender; it articulates laterally 
with the maxillo-palatines. In Dromeus it is also forked behind, but its anterior end is 
expanded into a thin, flat plate, which articulates with the maxillo-palatine and is under- 
laid by the palatine process of the premaxilla. In Rhea it is deeply forked in front, 
each limb of the fork being underlaid by the corresponding palatine process of the 
premaxilla. In S¢ruthio it is flattened anteriorly, and on each side presents a facet for 
articulation with the maxillo-palatine ; although shorter than in the other Ratite, it is 
considerably longer in the specimens in the Otago Museum than in Huxley’s figure, 
reaching as far forward as the anterior end of the nasals, and its forked posterior 
end being connected on each side by ligament with the corresponding palatine. 

In the characters of the palatines also Apterya is the nearest ally of the Dinornithide. 
In it they are short bones, about the same length as the vomer, and having much the 
same twist as was described above in the Moas. ‘They are also expanded posteriorly, 
where they unite with the vomer and pterygoids, and are overlaid in front by the 
maxillo-palatines. ach is, however, clamped along its whole lateral edge by the long 
palatine plate of the maxilla, and does not reach so far forward as the palatine plate of 
the premaxilla. In Struthio the palatines are long, flat rods, their posterior ends 
expanded for union with the pterygoids, and their anterior ends passing ventrad of the 
maxillo-palatines and reaching nearly as far forward as the anterior end of the vomer. 
In Rhea, Dromeus, and Casuarius the palatines are short, thin plates, more or less 
curved, which pass from the pterygoids behind outwards and forwards to the palatine 
processes of the maxilla; they are not ankylosed with either the vomer or the 
pterygoids in the Rhea and Emus in the Otago Museum, but are firmly united to 
both in Casuarius galeatus. 

The pterygoid is a rod-shaped bone in all but Struthio, in which it is expanded in 
front. Without the opportunity of examining good specimens of adolescent skulls, it 
1s impossible to enter into a detailed account of the modifications of this bone in the 
various genera. 

In all the other Ratite except Apteryx, the head of the quadrate resembles that of 
the Moas, bearing an elongated oval articular surface broader at its lateral than at its 
mesial end, and showing no trace of division into two facets. In Apterya, as I have 
pointed out elsewhere (24), the quadrate is practically double-headed ; the details of its 
form are, however, subject to considerable variation. In an adult 4. oweni, the mesial 
end of the head bears a very distinct, nearly circular surface for articulation with the 
facet furnished by the pro-otic and exoccipital (Plate LXII. fig. 69) ; passing outwards 
from this it narrows considerably and at its lateral end is greatly expanded, forming a 
surface, very convex from before backwards, for articulation with the concave surface 
furnished by the squamosal and alisphenoid. In an adult A. australis there is a 
perfectly distinct facet on the anterior surface of the outer end of the head for articu- 
lation with the alisphenoid ; in another specimen of the same species the usually distinct 
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facets are so close together that the head is virtually single. In Dromeus alone 
there is a facet on the base of the otic process, just anterior to the lateral ridge, 
for articulation with the surface already mentioned on the zygomatic process. 

It was pointed out that in all the Moas there is a pneumatic foramen on the mesial 
surface of the otic process, while a second foramen occurs on the posterior surface in 
certain instances. ‘The only other case in which I have found the mesial foramen is 
that of Struthio, in which there is an extremely small aperture in the corresponding 
position, looking, however, more like a vascular or nervous than a pneumatic foramen. 
The posterior foramen is of moderate size in the Emu and Cassowary, and is situated 
near the base of the otic process; in the Ostrich it is higher up and _ proportionally 
smaller; in ‘hea it is on the posterior margin of the head, immediately below the 
articular surface. In the adult Kiwi there are several small foramina in the same 
position, but at the time of hatching there is a single large foramen in the same position 
as in Anomalopteryx. ‘The otic process in Apterya is peculiar for sending off small 
mesial and lateral processes just below the head. 

In the orbital process the Cassowary presents the closest resemblance to the Moas, 
but is more compressed and blunter at the apex than in the latter. In the Emu it is 
blunt and thick, and takes a more nearly horizontal direction than usual. In the Ostrich 
it is also compressed and the apex truncated. In hea it is extremely short and blunt. 
In Apteryx it is unusually long and strongly compressed, so as to have the form of a 
thin vertical plate with a thickened ventral rim. 

In the mandible the internal angular process and ridge are best developed in Apteryx 
and to a less degree in Rhea, but are also well marked in Dromeus and Casuarius. 
The posterior angular process and ridge are large in the Ostrich, Emu, and Cassowary, 
obscure in the Rhea and Kiwi. In the general form of the jaw the Moas come nearest 
to the Cassowary, in which the rami are moderately stout and slightly deflected distally. 
‘The comparative weakness of the mandible in the other large Ratite is very marked, 
and in Apterya the immense length of the symphysis separates it at once from all 
the other genera; in the strength and solidity of the jaw and in the size of the 
coronoid process Apteryx australis is, however, the only form which approaches the 
Dinornithide. 


9). MEASUREMENTS OF THE SKULLS OF THE RatiITA. 


Measurements of the skulls of Moas are given by Owen, Haast (5), and Hutton (9). 
It is, however, desirable for purposes of comparison that a more complete set of 
measurements should be given, and that the precise way in which they are taken should 


be accurately defined. 
Owing to the early ankylosis of the bones of the cranium, it is impossible to determine 
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such points as the bregma, lambda, pterion, &c., and as the main object of the measure- 
ments is to serve as a means of identification, it is important to select standard points 
which can be readily made use of in any fairly well preserved skull. Moreover, as a 
matter of convenience it is desirable that the measurements should be made with some 
common and readily procurable instrument. I have therefore taken them all with 
callipers, so that in the case of curved surfaces, such as the roof of the skull, the chord 
is given, not the arc. All measurements are given in millimetres ; the standard being 
so small, fractions are neglected. 

The measurements given are defined as follows :— 

1. Total length of skull: from centre of occipital condyle to anterior extremity of 
premaxilla. 

2. Length of cranio-facial axis: from centre of occipital condyle to tip of rostrum, 

3. Length of basis cranii: from centre of occipital condyle to base of rostrum, @. é. 
to the centre of a line joining the anterior ends of the bases of the basi- 
pterygoid processes. 

It will be seen that the expression dasis cranii is here used in a special sense; 
the dimension chosen nearly corresponds with the length of the base of the skull 
as measured from the condyle to the preoptic ridge. ‘The entire basicranial 
axis, 7. e. from condyle to junction of presphenoid and ethmoid, can only be got 
at by bisecting the skull, and even then, owing to the ankylosis of the bones 
named, cannot be determined with precision. 

4. Length of roof of cranium: from the centre of the supraforaminal ridge to the 
middle of a line joining the anterior borders of the lacrymals (preorbital 
processes). 

Hutton takes the naso-frontal suture as the anterior boundary of this line, but 
in old skulls the suture is obliterated, and the posterior end of the premaxillary 
groove which coincides with it is frequently obscure. 

5. Width of cranium at paroccipital processes: the length of a straight line joining 
the dorsal ends of the paroccipital processes, immediately below the supra- 
tympanic ridges. Occasionally there is a sort of step where the supratympanic 
ridge passes into the paroccipital process; the measurement should then be 
taken below the step. 

6. Width of cranium at squamosal prominences: length of a straight line joining 
the most projecting portions of the squamosals. 

7. Width of cranium at temporal fossw : length of the longest straight line joining 
the right and left temporal fossze. 

This measurement gives an indication of the width of the brain-case, the walls 
of the skull being much thinner at the temporal region than elsewhere. 

8. Width of cranium at postorbital processes: length of a straight line joining the 
most prominent parts of the right and left postorbital processes. 


9. 


10. 


Ane 


12. 
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Width of cranium at preorbital processes: length of a straight line joining the 
posterior borders of the lacrymals. 

Distance between temporal ridges: length of the shortest straight line jvining 
the right and left temporal ridges. 

Height of cranium: \ength of a perpendicular from the highest part of the 
cranial roof to the basitemporal platform. 

Width of tympanic cavity: length of the longest horizontal straight line joining 
the posterior temporal ridge and the edge of the paroccipital process. 


. Width of temporal fossa: length of the longest horizontal straight line joining 


the anterior and posterior limbs of the temporal ridge, above the junction with 
the latter of the posterior temporal ridge. 


. Width of orbit: length of the longest horizontal straight line joining the posterior 


border of the lacrymal and the anterior border of the postorbital process. 


. Distance between optic foramina: length of a straight line joining the lower 


borders of the foramina. 


. Greatest length of premaxilla: from apex of body in a straight line to posterior 


end of nasal process. 


. Length of premazilla to end of maxillary process: from apex of body in a straight 


line. 


. Length of body of premazilla: length of a straight line between apex and 


posterior border of prenarial septum. 

Width of body of premaxilla: length of a straight line between the right and 
left alveolar borders at the level of the posterior edge of the prenarial 
septum, 


. Length of mavillojugal arch: the greatest length in a straight line. 

. Length of vomer: the greatest length in a straight line. 

. Length of palatine: the greatest length in a straight line. 

. Length of pterygoid: the greatest length in a straight line. 

. Length of quadrate: length of a straight line from the articular surface of the 


head to the most prominent part of the internal condyle. 


. Length of mandibular ramus: from middle of anterior border of symphysis to 


extremity of posterior angular process. 


. Greatest height of mandible: length of a perpendicular from the coronoid process 


to the ventral border. 


. Least height of mandible: a similar measurement of the anterior part of the 


ramus a short distance posterior to the symphysis. 


. Length of mandibular symphysis: length of a straight line passing from the 


middle of the anterior to the middle of the posterior border of the symphysis. 


. Width of mandibular symphysis: length of a straight line between the right and 


left alveolar borders at the level of the posterior edge of the symphysis. 
3M2 
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Absolute measurements, as defined on pp. 406-407, of the various species examined, 
are given in Table A. 

But, as an aid to the determination and definition of the genera, the proportions of 
theskull are more important than absolute measurements, a fact recognized by Hutton, 
who gives (9g, p. 107) the proportion between length and breadth, and between breadth 
and height, in his eight genera. I have come to the conclusion, however, that a more 
convenient method is to take as a standard the length of the basis cranii as defined 
above (p. 406, § 3), and to express various other important dimensions as percentages. 
In this way a number of indices are obtained, many of which are of great importance 
in the definition of the genera: they are given in Table B. 

Table C gives what may be called the temporal index; 7. ¢. the width of the 
cranium at the temporal fossa as compared with the distance between the right and 
left temporal ridges. 


6. SUMMARY OF THE CRANIAL CHARACTERS OF THE RativT®. 
STRUTHIO. 


Occipital plane inclined backwards ; occipital condyle sessile; a broad occipital crest. 

Length of cranial roof nearly three times that of basis cranii. 

Width at paroccipital processes about one and a half times length of basis cranii. 

Width at squamosals about double length of basis cranii. 

Height of cranium nearly double length of basis cranii. 

Temporal fossze continued mesiad on to parietal region; distances between temporal 
ridges about one third less than width of cranium at temporal fosse. 

Zygomatic process outstanding ; no squamosal prominence. 

Width of orbit about equal to breadth of cranium at paroccipital processes, or one 
and a half times length of basis cranii; interorbital septum present ; a projecting 
supraorbital ledge notched in front and produced behind into a short blunt, post- 
orbital process. 

Lacrymal produced into a broad, backwardly-directed orbital process, and a strong 
descending process passing mesiad of the lacrymal duct. 

Nasal has a well-developed maxillary process, and is separated posteriorly from its 
fellow by an interval in which the mesethmoid appears. 

Ossified portion of antorbital does not extend outwards to lacrymal. 

Premaxilla weak ; body flat, having no prenarial septum; no palatine processes ; 
width of body about equal to length of basis cranii. 

Maxilla narrow; extends forwards to body of premaxilla; maxillo-palatine a 
hatchet-shaped process given off from its mesial border; antrum small. 
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Vomer more than double length of basis cranii; flattened in front, trough-like and 
forked behind; articulates with mavxillo-palatines; connected with palatines by 
ligament. 

Palatine slender ; expanded posteriorly and ankylosed to pterygoid; about two and 
a half times length of basis cranii. 

Mandible weak ; symphysis flat, with very obscure median ventral ridge. 


RuEA. 


Occipital plane inclined backwards; occipital condyle sessile; occipital crest 
obscure. 

Length of cranial roof nearly three times that of basis cranii. 

Width at paroccipital processes about one and a half times length of basis cranii. 

Width at squamosals less than double length of basis cranii. 

Height of cranium about one and a half times length of basis cranil. 

Temporal fosse continued on to parietal region ; distance between temporal ridges 
about one third less than width of cranium at temporal fosse. 

Zygomatic process slender, outstanding ; no squamosal prominence. 

Width of orbit about equal to width of cranium at paroccipital processes, or one and 
a half times length of basis cranii; interorbital septum present; supraorbital 
ledge narrow, not notched in front, produced behind into short blunt post- 
orbital processes. 

Lacrymal produced into pointed, backwardly-directed orbital process and curved 
descending process which passes mesiad of lacrymal duct. 

No maxillary process to nasal; mesethmoid appears on dorsal surface between 
posterior ends of nasals. 

Antorbital quite unossified in the skulls examined. 

Premaxilla weak ; body flat, with no prenarial septum; long palatine processes ; 
width of body rather less than length of basis cranii. 

Maxilla broad ; anterior end does not reach to body of premaxilla ; maxillo-palatine 
a broad, thin plate, perforated by small and variable apertures, and produced 
dorsad into a narrow vertical plate, at the base of which is a vestige of the 
antrum. 

Vomer about double length of basis cranii; flattened and deeply forked in front, 
carinate and deeply forked behind; not ankylosed to palatines. 

Palatine a broad, thin, curved plate, not ankylosed to pterygoid, and shorter than 
basis cranil. 

Mandible weak ; symphysis flat, with a median ventral ridge. 
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DroMa&vs. 


Occipital plane inclined backwards ; occipital condyle sessile ; occipital crest obscure. 

Length of cranial roof less than three times length of basis cranii. 

Width at paroccipital processes less than one and a half times length of basis cranii. 

Width at squamosals nearly twice length of basis cranii. 

Height of cranium about one and a half times length of basis cranii. 

Temporal fossa nearly vertical; distance between temporal ridges equal to width of 
cranium at temporal fossz. 

Zygomatic process strong and outstanding; bears facet for quadrate on the inner 
surface of its distal end ; no squamosal prominence. 

Width of orbit rather greater than width of cranium at paroccipital processes, and 
about one and a half times length of basis cranii; interorbital septum present ; 
supraorbital ledge narrow, not notched in front, produced behind into a short 
postorbital process. 

Lacrymal produced into a pointed, backwardly-directed orbital process, and a slender 
descending process, which is perforated for the lacrymal duct. 

Antorbital well ossified and ankylosed laterad with the descending process of the 
lacrymal; a deep Harderian fossa. 

Maxillary process of nasal vestigial; mesethmoid appears dorsally between posterior 
ends of nasals. 

Premaxilla weak ; body flat, with a very short prenarial septum ; palatine processes 
long, width of body rather less than length of basis cranil. 

Maxilla rather broad ; anterior end does not reach to body of premaxilla; maxillo- 
palatine thin and pocket-like, containing a wide antrum. 

Vomer nearly two and a half times length of basis cranii; broad, flat, and longitu- 
dinally grooved in front, narrow and deeply forked behind; ankylosed to ptery- 
goids. : 

Palatine a thin, oblique plate, somewhat longer than basis cranii, articulating in 
front with maxilla and behind with pterygoid. 

Mandible weak ; symphysis flat with a narrow ventral ridge. 


CASUARIUS. 


Occipital plane inclined backwards; occipital condyle sessile ; occipital crest 
obscure. 

Cranial roof produced into a large crest ; nearly three times length of basis cranii. 

Width at paroccipital processes nearly double length of basis cranii. 

Width at squamosals double length of basis cranii. 

Height of cranium, not counting crest, nearly double length of basis cranii. 
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Temporal fossa nearly vertical; distance between temporal ridges about equal to 
width of cranium at temporal fosse. 

Zygomatic process narrow and outstanding ; no squamosal prominence. 

Width of orbit considerably less than width of cranium at paroccipital processes, 
and about one and a half times length of basis cranii; interorbital septum 
present; supraorbital ledge continued into cranial crest and produced behind into 
a broad, nearly vertical, postorbital process. 

Orbital process of lacrymal united with cranial crest, only its posterior end projecting 
as a short, backwardly-directed process ; descending process notched for lacrymal 
duct and sending off, ventrad of the latter, a short upwardly-directed process from 
its lateral margin, which partly converts the notch into a foramen. 

Antorbital well ossified and ankylosed laterad with descending process of lacrymal ; 
a deep Harderian fossa. 

No descending process to nasal; the specimen examined does not show whether the 
mesethmoid is covered by the nasals, but it appears to be so'. 

Premaxilla strong ; body high and strongly ridged, with a distinct prenarial septum ; 
narrow palatine processes; width of body about half length of basis cranii. 

Maxilla reaches nearly as far forward as prenarial septum; maxillo-palatine an 
elongated cone with the apex directed forwards, and contains a spacious antrum 
opening behind by a wide aperture. 

Vomer nearly three times length of basis cranii; flattened and obscurely grooved in 
front, deeply forked behind; ankylosed to palatines and pterygoids. 

Palatine a short oblique plate, nearly one and a half times length of basis cranii, 
articulating anteriorly with the maxilla and ankylosed posteriorly with the vomer 
and pterygoid. 

Mandible weak ; symphysis narrow, pointed, and keeled below. 


APTERYX. 


Occipital plane inclined at an angle of 45° to the basis cranii; occipital condyle 
pedunculated ; occipital crest variable. 

Length of cranial roof less than three times that of basis cranii, 

Mamillar processes very large and prominent. 

Width at paroccipital processes about double length of basis cranii. 

Width at squamosals nearly double length of basis cranii. 

Height of cranium less than one and a half times length of basis cranil. 

Temporal fossa very wide and nearly vertical; distance between temporal ridges 
equal to width of cranium at temporal fossz. 


* See, however, 25, p. 428, 
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Zygomatic process directed forwards and strongly compressed; no squamosal 
prominence. 

Orbit small and ill-defined; no interorbital septum, supraorbital ledge, or post- 
orbital process. 

Lacrymal ankylosed to aliethmoid and perforated for lacrymal duct; no orbital 
process. 

Antorbital not clearly marked off from rest of aliethmoid, which is strongly convex, 
completely ossified, and extends backwards to the optic foramen. 

Nasal has maxillary process ankylosed to lacrymal; mesethmoid appears dorsally 
between posterior ends of nasals, but complete ankylosis of the bones in this 
region takes place in the adult. 

Premaxilla strong and greatly elongated; body short but high, with a very short 
prenarial septum ; narrow palatine processes ; width of body not more than one- 
fifth length of basis cranii. 

Maxilla broad and flat; articulates in front with maxillary and palatine processes of 
premaxilla ; maxillo-palatine represented by the thin mesial border of the bone; 
no bony antrum. 

Vomer about twice length of basis cranii; flattened and narrow in front; broad, 
keeled, and deeply cleft behind ; ankylosed to palatines and pterygoids. 

Palatine a thin, twisted plate with pedate posterior end; about one and three 
quarters length of basis cranii; ankylosed in front and by its entire outer border 
to maxilla and behind to vomer and pterygoid. 

Mandible strong; symphysis occupies more than half its length, narrow, strongly 
keeled below. 


DINORNITHIDA. 


Occipital plane vertical or very slightly inclined backwards or forwards; occipital 
condyle pedunculate ; occipital crest variable. 

Length of cranial roof from two to two and a half times length of basis cranii. 

Mamillar tuberosities usually prominent ; basitemporal platform always well defined 
and separated from occipital condyle by a deep precondylar fossa. 

Width at paroccipital processes from less than one anda half to more than twice 
length of basis cranii. 

Width at squamosals from about one and three quarters to two and a half times 
length of basis cranil. 

Height of cranium about one and a quarter times length of basis cranii. 

Temporal fossa extends mesiad to a greater or less extent on to parietal region ; 
distance between temporal ridges varies from about width of cranium at temporal 
fossee to half that width. 
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Zygomatic process short, pointed, and nearly parallel to median plane; auditory 
region of skull produced into a strong squamosal prominence. 

Width of orbit about half width of cranium at paroccipital processes, and almost 
invariably less than length of basis cranii; interorbital septum absent or greatly 
reduced ; a broad supraorbital ledge, produced behind into a strong, broad, post- 
orbital process. 

Lacrymal ankylosed with frontal, forming a preorbital process; no orbital process ; 
a descending process ankylosed with outer border of antorbital and notched or 
perforated for lacrymal duct. 

Mesethmoid produced into paired horizontal triangular processes. 

Antorbital well ossified ; ankylosed to descending process of lacrymal ; perforated 
dorsally by a supraorbital fenestra of variable size. 

Nasal either has a slender maxillary process, or there isa distinct maxillo-nasal bone ; 
meets its fellow of the opposite side in the middle line above the ethmoid, so that 
the latter does not appear on the dorsal surface; premaxillary groove on upper 
surface of nasals extends backwards to or beyond naso-frontal suture. 

Premaxilla strong ; body more or less elevated, and with a distinct prenarial septum; 
palatine processes broad and produced into more or less definite vomerine processes ; 
width of body always more than half and sometimes one and a half times length of 
basis cranii. 

Maxilla short and narrow; maxillo-palatine a short, flat plate, produced dorsad either 
into an irregular shell of bone containing a large antrum, or into a thick, oblique 
plate, containing no, or but little, trace of the antrum. 

Vomer less than one and a half times length of basis cranii ; consists of thin paired 
plates meeting each other ventrad in an acute dihedral angle, and either quite 
free or partially ankylosed with one another in front; firmly ankylosed behind, in 
fully adult specimens, with palatines and pterygoids. 

Palatine a thin twisted plate, about one and a fifth times length of basis cranii; 
pedate posterior end produced into short mesial vomerine process; articulates at 
anterior end with maxilla, and posteriorly with vomer and pterygoid, with which, 
in fully adult specimens, it becomes ankylosed. 

Mandible very strong; symphysis short, more or less flattened and ridged below; 
distal end more or less deflected downwards. 


7. THe CLASSIFICATION OF THE DINORNITHID. 


Atan early period of his investigations—in 1846—Owen was led to the conclusion that 
the differences between certain of the Moas were of more than specific value, and 
instituted the genus Palapteryx for the reception of species (¢xgens and dromioides) in 
which the hallux was present. Further investigations, however, convinced him that 
the retention of a purely vestigial structure was not, even if constant, of sufficient 
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importance to distinguish a genus, and he therefore returned to his earlier practice of 
placing all the species in the single genus Dinornis. 

Reichenbach (26) was the first, in 1850, systematically to divide the family into 
genera, proceeding upon the simple plan of erecting into a genus each of the seven 
species known to him. His material must necessarily have been very imperfect, and 
two of his genera (Moa and Movia) are undoubtedly synonyms of a third (Dinornis). 

Von Haast (6) was the next, in 1873, to attack the problem. He divided the Moas 
into two families, each containing two genera; but the characters upon which the 
definition of the families was based were shown by Hutton (8) to be quite unreliable ; 
many of the generic characters are incorrect and others inconstant ; and in at least three 
instances, in the Canterbury Museum, the skull of one species was assigned to the 
skeleton of another. Moreover, the brief account of the proposed classification, given 
in a Presidential address, was never followed up by a detailed statement, and was 
unsupported by measurements or figures. Under these circumstances the wide 
acceptance of Von Haast’s views is rather remarkable: they are adopted without 
remark by Wallace (28) in 1876, and with a qualifying note by Newton (14) in 1885; 
and Lydekker (15) in 1889 discusses the question and comes to the conclusion that the 
distinction between the two families is a valid one,—a decision which this author’s later 
enquiries (12) have led him to reverse. Ftirbringer (3) has a long discussion in his 
usual judicial manner, and concludes that there is no evidence for the establishment of 
more than one family. 

Last year two classifications were propounded, unfortunately independently: one in 
England by Lydekker (12), the other by Hutton in New Zealand (9g). Both agree in 
recognizing only a single family, which Lydekker divides into five genera—or four if 
Megalapteryx be excluded—and nineteen species, Hutton into seven genera and twenty- 
six species. In both schemes the definitions of certain of the genera are wanting in 
exactness, especially as regards the skull, which Prof. Hutton rightly considers the most 
important part of the skeleton for generic distinctions. Mr. Lydekker supplies valuable 
corrections of many of Owen’s determinations, but he has only examined the British 
Museum collection, which is evidently deficient in many important respects. Prof. 
Hutton, on the other hand, besides examining the large public and private collections in 
New Zealand, has himself collected Moa-bones in various parts of the colony, and was the 
first to recognize the important bearing of the geographical distribution of the species. 

The table on p. 415 gives a comparison of the arrangement of the Dinornithide by 
the four authors referred to with that adopted in the present paper. 

It will be seen that Haast, Lydekker, and Hutton are all agreed as to the limits of 
Dinornis, and that Reichenbach’s Anomalopteryx corresponds with the similarly-named 
genus of Hutton and with Haast’s Weionornis. Lydekker’s Anomalopteryx includes 
four of Hutton’s genera and part of a fifth. Hutton’s Huryapterya includes species 
from two of Haast’s and from two of Lydekker’s genera, and so on, 
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Rercnensacu, 1850. Von Haast, 1873. 
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Lyprxxer, 1891. 


Moa 
giganteus. 


Movia 


ingens. 


Dinornis 


Anomalopteryx 
didiformis. 


Cela 
curta. 


Syornis 


casuarinus, 


Emeus 
crassus, 


struthioides. 


Dinornis 
maximus. 


robustus. 
ingens. 


gracilis. 


struthioides. 


Meionoi nis 
didiformis. 


casuarinus. 


Euryapterye 
rheides. 


gravis. 
Palapteryx 


elephantopus. 


Dinornis 
maximus. 


novie-zealandiz, 


gracilis. 
struthioides. 


Anomalopteryx 
dromioides, 


didiformis, 
parva. 


geranoides, 
curta. 
oweni. 


didina. 


casuarina, 


Emeus 
crassus. 


grayipes. 
Pachyornis 


elephantopus. 
immanis. 


species a. 
b, 


” 


Hurron, 1891. 


Dinornis 
altus. 
maximus. 
excelsus. 
validus. 
giganteus. 
firmus. 
robustus. 
ingens. 
potens. 
gracilis. 
torosus. 
struthioides. 


Palapteryx 
plena. 
dromioides. 


Anomalopteryx 
didiformis. 


antiqua. 
Cela 
geranoides, 


curta. 


Mesopteryx 
didina. 


Syornis 


casuarinus. 


rheides. 
crassus. 


Euryapterya 
gravis. 


ponderosa, 


elephantopus. 


pygmiea, 


Parker, 1892. 


Dinornis 


maximus. 


robustus. 


potens (?). 


torosus, 
species a. 


Anomalopteryx 
didiformis, 
parva (?). 


Mesopterya 
species a. 


species 3. 
species y. 


casuarina. 


Emeus 
crassus. 
species a. 

sy (GL 
” Y: 


Pachyornis 
species a. 
elephantopus. 
species (3. 

” Y- 


My own observations have led me to the following conclusions, which, it must be 
remembered, are founded mainly upon a study of the skull, and take no cognizance of 
several of Hutton’s and of one or two of Lydekker’s species :— 

1. The tall, comparatively slender-limbed forms, with broad skull and long, wide, 
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defiected beak, constitute a very natural and highly specialized group. It may be 
called the maaimus-group, and, so far as I can make out, includes all the species placed 
by Haast, Lydekker, and Hutton in the genus Dinornis, which name should therefore 
be retained. 

2. A second highly specialized or culminating group is constituted by heavy-limbed 
forms with strongly-built narrow skull, short broad beak, and stout mandible. This 
may be called the crassus-group : its type species is also the type of Lydekker’s Hmeus. 
T adopt this name. 

3. The remaining species together form a comparatively generalized group, including 
forms of small or moderate height and of varying bulk, having narrow skulls and 
pointed beaks. This assemblage is divisible into three subdivisions :— 

a. The elephantopus-group, characterized by a larger and relatively broader cranium 
than is possessed by either of the following groups, large temporal fossee, and a wide 
V-shaped mandible. It corresponds with Lydekker’s Pachyornis and with Haast’s 
Palapteryx, and is placed under Euryapterye by Hutton. The name Pachyornis should 
be retained, Pa/apteryx having been wrongly applied by Haast. 

b. The casuarina-group, so-called from its type species. The skull resembles that of 
the elephantopus-group in general features, but is smaller and more delicate, and has 
considerably smaller temporal fossee. This section includes Hutton’s Mesopterya and 
Cela, with part of Syornis ; it corresponds with Haast’s Meionornis, with Reichenbach’s 
Syornis, and with Lydekker’s typical group of Anomalopteryx. Casuarinus being the 
type species, Reichenbach’s name has priority, but, as Lydekker has shown, it clashes 
with Synornis of Hodgson. The group is certainly not congeneric with either the 
preceding or the following one, and I therefore adopt Hutton’s name Mesopteryx, the 
type species of which (didina) is here considered to be a variety of casuarina}. 

c. The didiformis-group, in which parva, if really distinct, should be included. It is 
characterized by an unusually straight beak and immense temporal fosse. ‘This section 
corresponds with Anomalopteryx of Reichenbach and Hutton, doubtfully with Haast’s 
Meionornis, and with Lydekker’s Celine group of dnomalopteryx. ‘There seems to be no 
doubt that the name Anomalopterya probably belongs to this group. 

I see no evidence favouring the retention of the genera Palapteryx and Cela. 
Hutton retains Palapteryx for the reception of dromioides, Owen, and plena, Hutton, 
the main ground of generic distinction being, as I understand, that the posterior view 
of the skull of dromioides, as figured by Owen (17, pl. 54), shows an undoubted 
approximation to that of Dinornis in its great relative breadth and short rounded 
paroccipital processes. Lydekker, however, with the skull itself at his disposal, places 
this species near casuarina. As to Cela, the type species is curta, of which oweni is, 
according to Hutton, a synonym. Judging from Haast’s figure of a fragmentary skull, 
I am disposed to agree with Lydekker in placing this species under Anomalopterya. 


* Megalapteryx probably belongs to this group. See Note above, p. 378.—/June 1895. 


CLASSIFICATION, AND PHYLOGENY OF THE DINORNITHIDZ. 417 


» These conclusions may be summarized by stating that the Dinornithide are divisible 
into three groups, two of highly specialized forms and one of more generalized forms, 
which last may be again split up into three subgroups. ‘These facts might be expressed 
equally well by making three genera, and subdividing one of them into three sub- 
genera, or by making three subfamilies, two of them containing a single genus apiece, 
and the third including three genera. The latter appears to me the more convenient 
method. Agreeing, as I do, with Hutton and Lydekker, that the differences between, 
say, elephantopus and didiformis are of generic value, it appears to me quite clear that 
those between robustus and elephantopus or between didiformis and crassus are 
something more than generic. 

Arranging the groups as nearly as possible according to their affinities as determined 
by cranial characters, we get the following scheme :— 


Family DINORNITHID. 


Subfamily a DiINORNITHIN &. 


Genus 1. DrNornis. 


Subfamily 6. ANOMALOPTERYGIN &. 


Genus 2. PACHYORNIS. 
» 3. MESOPTERYX. 
>, 4. ANOMALOPTERYX. 


Subfamily ¢. EMEIN &. 


Genus 5. Emevs. 


8. SUMMARY OF CRANIAL CHARACTERS OF THE SUBFAMILIES AND GENERA 
OF THE DINORNITHID. 


Subfamily DINORNITHINS. 


Width of cranium at paroccipital process nearly always more than twice length of 
basis cranil. 

Distance between optic foramina about two thirds length of basis cranii. 

Orbit right-angled. 

Greatest length of premaxilla more than two and a half times that of basis cranii. 

Body of premaxilla deflected, bluntly rounded ; its length and width about one and 
a half times length of basis cranii. 

Maxillo-palatine contains a large antrum. 

Nasal has a slender maxillary process. 
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Mandible much deflected, with bluntly rounded symphysis, width of which is at least 
three quarters of, and is usually more than, length of basis cranii. 
Length of mandible more than four times that of basis cranii. 


Genus DinorNIs. 


Occipital plane inclined forwards, condyle projecting beyond middle of supra- 
foraminal ridge; occipital crest usually indistinct. 

Paroccipital process short, and evenly rounded below; projects beyond occipital 
condyle. 

Width of cranium at squamosals from two and a third to two and a half times length 
of basis cranii. 

Mamillar tuberosities very large and prominent ; a large precondylar fossa. 

Margin of tympanic cavity forms a continuous curve. 

Temporal fossa large ; distance between temporal ridges about two thirds of width 
of cranium at temporal fossz ; width of temporal fossa more than half length of 
basis cranii: no mid-temporal ridge. 

Temporal and lambdoidal ridges usually distinct, but occasionally in contact. 

Posterior tympanic fossa wide; inferior temporal ridge prominent, usually stops 
short of pretympanic process. 

Zygomatic process very short. 

Postorbital process angled, consisting of horizontal and descending portions. 

Antorbital strong, deeply excavated above by a large supraorbital fenestra ; its ventral 
edge forms a strong transverse postchoanal bar. 

Prenarial septum very distinct. 

Maxillo-jugal arch compressed, gently curved, 

Quadrate has a rather long and compressed orbital process ; pneumatic foramen of 
variable size, but usually very large, on mesial surface of otic process ; occasionally 
two additional foramina on posterior surface. 

Posterior angular process of mandible small or obsolete. 


Subfamily ANOMALOPTERYGIN&. 


Width of cranium at paroccipital processes less than twice length of basis cranii. 

Distance between optic foramina usually less than one third and never much more 
than one half length of basis cranii. 

Orbit evenly curved, sinuous, or obtuse-angled (right-angled in Mesopteryx, 
species y). 

Greatest length of premaxilla less than two and a half times that of basis cranii. 
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Body of premaxilla narrow and pointed ; its length rarely and its breadth never 
more than length of basis cranii. 

Maxillo-palatine contains a large antrum. 

Nasal has a slender maxillary process (gu. except in Anomalopterya, where there 1s 
a distinct maxillo-nasal bone 2). 

Mandibular symphysis pointed ; its width always considerably less than three fourths 
of length of basis cranii. 

Length of mandible nearly always less than four times that of basis cranil, 


Genus PACHYORNIS. 


Occipital plane vertical or slightly inclined backwards; occipital crest prominent ; 
supraoccipital fossee well marked ; anterior and posterior lambdoidal ridges enclose 
a wide lozenge-shaped area. 

Paroccipital process short, bluntly pointed. 

Width of cranium at paroccipital processes from one and a half to nearly twice 
length of basis cranii. 

Width at squamosals more than double length of basis cranii. 

Cranial roof strongly and evenly arched; an irregular shallow depression at base of 
postorbital process. 

Mamillar tuberosities large. 

Margin of tympanic cavity evenly curved. 

Temporal fossa large; distance between temporal ridges about one and a third 
times width of cranium at temporal fosse; width of temporal fossa about three 
fourths length of basis cranii; mid-temporal ridge small or absent. 

Temporal and lambdoidal ridges may or may not be in contact. 

Posterior temporal fossa narrower than in Dinornis and Anomalopteryx, but wider 
than in Mesopteryx and Pachyornis; inferior temporal ridge strong ; pretympanic 
process short. 

Zygomatic process long, bluntly pointed. 

Margin of orbit rather sinuous; postorbital process angled, consisting of horizontal 
and descending portions. 

Distance between optic foramina about one half length of basis cranii. 

Antorbital very thin; supraorbital fenestra moderate; postchoanal bar strongly 
curved outwards and forwards and more prominent than in any genus except 
Dinornis. 

Rostrum broad and flattened in about its posterior 15 mm., then moderately com- 
pressed as far as the triangular processes, where it becomes broad and rounded 
below (the anterior extremity is lost in all the specimens I have examined). 
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Width of body of premaxilla nearly equal to its length, and about three fourths of 
the length of the basis cranii. 

Prenarial septum distinct. 

Maxillo-jugal rather slender, compressed posteriorly, and strongly curved. 

Orbital process of quadrate compressed and bluntly pointed; a single pneumatic 
foramen of variable size on the mesial surface of the otic process. 

Mandible strong, V-shaped, moderately deflected; posterior angular process of 
moderate size. 


Genus MrsopreRyx. 


Occipital plane vertical or inclined backwards; occipital crest usually distinct ; 
supraoccipital fosse present. 

Occipital condyle often projects beyond paroccipital processes. 

Paroccipital process pointed ; width of cranium at paroccipital processes about one 
and a half times length of basis cranii. 

Width at squamosal prominences double length of basis cranii. 

Mamillar tuberosities small; posterior border of basitemporal platform nearly 
straight. 

Margin of tympanic cavity right-angled (evenly curved in species «@). 

Temporal fossa small; distance between temporal ridges about equal to width of 
cranium at temporal fosse; width of temporal fossa about one half length of basis 
cranil. 

Temporal and lambdoidal ridges never confluent. 

Posterior temporal fossa narrow ; inferior temporal ridge moderate. 

Margin of orbit evenly curved or slightly sinuous (right-angled in species y); post- 
orbital process evenly curved. 

Trigeminal foramen usually double (single in species /3), consisting of apertures 
placed one above the other and separated by a narrow horizontal or oblique bar. 

Distance between optic foramina about one third length of basis cranii. 

Antorbital very thin; supraorbital fenestra rather small; postchoanal ridge very 
thin or barely discernible. 

Rostrum dilated but not flattened towards its posterior end, usually much compressed 
and carinate in its intermediate portion, and slightly dilated between and in front 
of the triangular processes. 

Body of premaxilla narrow and pointed; its width nearly equal to its length and 
about three fourths length of basis cranii; a distinct prenarial septum, 

Maxillo-jugal arch slender and gently curved. 

Orbital process of quadrate compressed and bluntly pointed; a single pneumatic 
foramen of variable size on mesial surface of otic process. 
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Mandible slenderer than in any other genus, moderately deflected ; posterior angular 
process well developed. 


Genus ANOMALOPTERYX. 


Occipital plane distinctly inclined backwards, the condyle being hidden in a view 
from above by the supraforaminal ridge and also in a view from the side by the 
paroccipital process. 

Occipital crest slight, but whole median supraoccipital region dilated to form a wide 
transversely convex ridge. 

Width at paroccipital process about one and three quarters length of basis cranii. 

Anterior and posterior lambdoidal ridges usually widely separated. 

Width at squamosals about double length of basis cranii. 

Mamillar tuberosities large. 

Margin of tympanic cavity sharply angled. 

Temporal fossa very large; distance between temporal ridges about half width of 
cranium at temporal fosse; width of temporal fossa more than three fourths 
length of basis cranil. 

Posterior limb of temporal ridge confluent with lambdoidal ridge; mid-temporal 
ridge well marked and often prominent. 

Posterior temporal fossa wide; inferior temporal ridge strong; no pretympanic 
process. 

Zygomatic process short and blunt. 

Margin of orbit obtusely angled ; postorbital process evenly curved. 

Distance between optic foramina less than one third length of basis cranii. 

Presphenoid fossa unusually well defined. 

Antorbital very thin; a large supraorbital fenestra; no definite postchoanal bar. 

Lateral contour of premaxilla much straighter than in any other genus; body narrow 
and pointed, its width about two thirds of its length and three fourths of length 
of basis cranil ; a distinct prenarial septum. 

Maxillo-jugal arch stout and nearly straight. 

Orbital process of quadrate long, compressed, and rather pointed at the tip; a large 
pneumatic foramen on the mesial surface of the otic process and often a second 
foramen on its posterior surface. 

Mandible stout and nearly straight; symphysis narrow, with a moderately 
prominent ventral ridge ; posterior angular process strong. 
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Subfamily EMEIN &. 


Width of cranium at paroccipital processes less than twice length of basis cranii. 

Distance between optic foramina less than one third length of basis cranu. 

Orbit evenly curved or slightly sinuous (right-angled in Pachyornis, species «). 

Greatest length of premaxilla rarely more than twice, and never more than two and 
a half times length of basis cranii. 

Body of premaxille bluntly rounded in front; its length always less, its breadth 
either less or slightly more than length of basis cranii. 

Maxillary process of nasal represented by a distinct maxillo-nasal bone. 

Maxillo-palatine devoid of an antrum. 

Mandibular symphysis bluntly rounded; its width at least three fourths of length of 
basis cranil. 

Length of mandible usually more than three and less than three and a half times 
length of basis cranii. 


Genus EMEUus. 


Occipital plane inclined backwards ; occipital condyle hidden in a view from above 
by supraforaminal ridge, and in a view from the side by paroccipital process. 

Occipital crest prominent ; supraoccipital fossee well marked. 

Anterior and posterior lambdoidal ridges distinct, but close together. 

Width of cranium at paroccipital processes usually about once and a half, but 
occasionally (in H. crassus) once and three quarters length of basis cranii. 

Width at squamosals rarely more than double length of basis cranii. 

Mamillar tuberosities large. 

Temporal fosse small; distance between temporal ridges but little less than width 
of cranium at temporal fosse; width of temporal fossa usually about half length 
of basis cranii. 

Temporal and lambdoidal ridges do not touch; mid-temporal ridge usually well 
marked. 

Posterior temporal fossa narrow ; inferior temporal ridge strong. 

Zygomatic process long, often bifid. 

Postorbital process evenly curved, sometimes slightly inturned at distal end. 

Antorbital thin ; supraorbital fenestra small; no definite postchoanal bar. 

Nasal process of premaxilla very thick, its anterior end not flattened but rod-like; 
prenarial septum often obscure. 

Maxillo-jugal arch strong and nearly straight; maxillo-palatine gives off dorsally 
an oblique vertical plate, with sometimes the merest vestige of an antrum at 
its base. 
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Orbital process of quadrate bluntly pointed; a large pneumatic foramen on mesial 
surface of otic process. 

Mandibular symphysis broader than long, with a very obscure ventral ridge ; 
posterior angular process better developed than in any of the other genera. 


9. Tur PHYLOGENY OF THE RatiTz '. 


The most definite opinion I have met with as to the phylogeny of the Ratite is that 
expressed in the elaborate genealogical tree which illustrates Fiirbringer’s great work. 
He ascribes a common origin to the Moas and Kiwis and to the Emus and Cassowaries, 
but derives his four main groups of Ratite—the Struthioniformes, Rheiformes, Casuari- 
formes, and Apterygiformes—separately from a primitive stock. 

Mivart, in his memoir on the axial skeleton of the Ratite (13), gives no definite 
opinion as to the phylogeny of the group, but his diagram illustrating the mutual 
relationships of the various genera seems to indicate his belief in their monophyletic 
origin. He shows a main stem dividing into two branches; one of these divides again 
for Struthio and Rhea; the other forks a second time, one branch dividing again for 
Casuarius and Dromeus, the other for Dinornis and Apteryx. 

The monophyletic origin of the Ratitee is also supported by Newton, who, in his 
luminous article “ Ornithology” (14), says “that these forms—Moa, Kiwi, Emu and 
Cassowary, Rhea, and finally Ostrich—must have had a common ancestor nearer to them 
than is the ancestor of any carinate form seems to need no proof.” Prof. Newton’s 
classification indicates no closer affinity between any of the genera except the Emu and 
Cassowary, which together constitute his order Megistanes; each of the other genera 
has an order to itself. 

A study of the skull certainly confirms the view that the nearest ally of the Dinor- 
nithide is Apteryx, and that the four families of Australasian Ratite are more nearly 
related to one another than is either of them to the Asio-African and South-American 
forms. Struthio and Rhea differ so much from the Australasian members of the sub- 
class as to lend strong support to Fiirbringer’s view that they arose separately from a 
primitive stock; but whether the Cassowaries and Emus on the one hand and the Moas 
and Kiwis on the other had a distinct or a common origin is a very complex question. 

The main difficulty lies in deciding what characters should be considered as of 
phylogenetic importance and what merely adaptive, but it appears to me that in the 
following particulars the Emu and Cassowary show an undoubied relationship to the 
Moas :— 

The general characters of the maxilla, maxillo-palatine, and antrum in both 


genera, 


‘ As my conclusions are based upon a study of the skull, I have omitted all reference to Apyornis, 


Dromornis, Megalapteryx, and Paleocasuarinus. 
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The general relations of the vomer, palatines, and pterygoids in both genera. 

The presence of a vestige of the maxillary process of the nasal in Dromeus. 

The well-ossified antorbital ankylosed to the descending process of the lacrymal in 

both genera. 

The elevated body of the premaxilla with its distinct prenarial septum in Caswarius. 

Dr. Forbes’s discovery (1) of a dinornithine bird which he calls Palwocasuarinus 
will, if the detailed account of his very interesting researches bears out the opinions 
expressed in his preliminary note, lend strong support to this view. The tibize upon 
which the genus is founded have, as the name implies, a remarkable resemblance to 
those of the Cassowary. 

On the other hand I know of no character in the skull of Rhea by which it defi- 
nitely approaches the Moas, and the presence of a maxillary process to the nasal, the 
form of the cerebral fossee, and the position of the pneumatic foramen of the quadrate 
seem the only particulars in which the Ostrich comes in any way near them. Struthio 
and Rhea are, in fact, sharply separated both from one another and from the Australasian 
Ratitee as well by the characters of the bony palate as by those of the pelvis. The 
characters possessed by them in common with the other Ratite are of two kinds: 
ancestral characters, such as the form of the vomer, the basi-pterygoid processes, and 
the single-headed quadrate, which, according to the view taken in this paper, are 
accounted for by the hypothesis of common descent from a group of generalized flying 
birds or Proto-Carinate; and adaptive characters, such as those of the sternum, 
shoulder-girdle, and wing, which they share to a greater or less degree with all flightless 
birds. 

The marked differences between the Moas and Kiwis are certainly for the most part 
adaptive: the two families resemble one another in the increased size of the olfactory 
organ and the reduced size of the eye ; but both processes have gone so much further in 
Apteryx that the differences between the two, in this respect alone, give their skulls 
the appearance of being more widely separated than those of any other two ratite birds. 
The real affinities underlying these differences are, however, shown by the striking 
similarity of the bones of the palate in the two forms. The absence of a maxillary 
antrum in Apterya seems at first sight a difference of great importance, but the fact 
that this cavity has disappeared or become vestigial in one of the most specialized 
genera of Moas seems to indicate that its complete atrophy in the Kiwi is simply to 
be looked upon as an instance of the extreme specialization of that genus. 

As to the origin of the various genera of Dinornithide, I am not altogether in accord- 
ance with Prof. Hutton (g, p. 428). I think there can be no doubt that Dinornis and 
Emeus have diverged furthest from the ancestral stock, but in opposite directions ; and 
that the narrow-beaked forms are the most generalized. Of the three narrow-beaked 
genera, Mesopterya appears to me to deviate least from the ordinary type of the 
Ratite, its comparatively lightly-built skull and slender mandible bringing it nearer 
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than any other genus to Dromeus and Casuarius'. On the other hand, the relative 
size of the orbit is greatest in Anomalopteryx, and the presphenoid fossa or vestige of 
the interorbital septum is most marked in that genus and in Dinornis: I am disposed, 
therefore, to derive Mesopteryx and Anomalopteryx from a common ancestor. 

Pachyornis appears undoubtedly to spring from the Mesopteryx-stock: these two 
genera are more nearly allied than any other two, Pachyornis being the more differen- 
tiated in virtue of its greater bulk, broader skull, larger temporal fosse, more widely 
separated optic foramina, and stronger beak. 

Emeus is derived by Hutton from Mesopteryx, a view which I am strongly inclined 
to adopt. The cranium of Hmeus undoubtedly comes nearest to that of Mesopterya, 
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Fig. 1.—Phylogenetic diagram showing the mutual relations of the Ratite. 


the differences between the two skulls depending mainly on the stronger and coarser 
character of the whole skull, the broader beak, and the stconger mandible of Hmeus. I 
think, therefore, that the latter genus should be considered as springing from the 
Mesopteryx-stock—not, of course, from Vesopteryx itself, but from an older member of 
the line of descent which culminated in that genus. 
Dinornis agrees with but goes beyond Pachyornis in its widely, separated optic 
‘ The striking resemblance of the dried head of Mesopteryx casuarina (Didornis didinus, Owen) to that of 


an Emu is noticed by Owen (23). 


PROF. T. JEFFERY PARKER ON THE CRANIAL OSTEOLOGY, 


426 


CLASSIFICATION, AND PHYLOGENY OF THE DINORNITHID#. AQT 


foramina and its broad skull, but in other respects—the form of the orbit, the length, 
breadth, and strong deflection of the beak, &c.—is quite peculiar. I think that on 
the whole it is reasonable to suppose this most specialized of the Moas to have sprung 
‘from the common ancestor of the family independently of all the other existing genera. 
It is, however, quite possible that future research may show Hutton to be right in 
placing Palapteryx on or near the line connecting Dinornis with the generalized 
ancestor of the group. 

The accompanying diagrams (pp. 425, 426) express these views in a graphic form. 
The first figure has the tree-shape adopted by Fiirbringer, which, after several trials, I 
find more suitable to the present purpose than the usual straight-line diagram. ‘The 
second figure shows the same thing in horizontal] projection : the various genera of Dinor- 
nithidee are included in a tinted area indicating the limits of the family: the Dinornithide 
and Apteryx on the one hand, and the Emu and Cassowary or. the other, are enclosed by 
an even line indicating the limits of two groups, probably of subordinal value, including 
respectively the New Zealand and the Australian forms: finally all these are enclosed 
within a dotted line to show that the Australasian forms may be included in a natural 
group, perhaps of ordinal value, clearly separated from the isolated Asio-African and 
South-American genera. 

These conclusions may be further expressed by a table of Classification as follows :— 
Subclass RA TIT, Merrem. 

Order I. STRUTHIONES, Newton. 
Fam. Srruraionip“. Genus Struthio. 
Order IJ. RHE, Newton. 
Fam. Rurerix. Genus Rhea. 
Order III. MEGISTANES, Newton. 
Suborder 1. CasuaritFrormeEs, Firbringer. 
Fam. 1. Casvarupa#. Genus Casuarius. 
2. Dromaipx. Genus Dromeus. 
Suborder 2. ApTERYGIFORMLES, Firbringer. 
Fam. 1. Dinorniruip2. 
Subfam. a. Dinornithine. Genus Dinornis. 
Subfam. 4. Anomalopterygine. Genera Pachyornis, Mesopteryx, Anomalopteryz'. 
Subfam. c. Emeine. Genus Emeus. 
Fam. 2. Arreryeipm. Genus Apteryz. 
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EXPLANATION OF THE PLATES. 


PLATE LVI. 
Figs. 1-4. Four views of a perfect skull of Hmeus, species a, in the Otago University 
Museum. Natural size. 


PLATE LVIL. 


Figs. 5-8, Outline sketches of figs. 1-4, with the various bones distinguished by colour. 


PLATE LVIII. 
Fig. 9. Back view of the skull shown in Plate LVI. 
Fig. 10. Cranium of Emeus, species «, in horizontal section. 
Fig. 11. The same in sagittal section. 
Figs. 12 & 13. Two views of an immature cranium of Anomalopterya didiformis, 
Owen. 
All natural size. 


PLATE LIX. 


Figs. 14-18. Outline sketches of figs. 9-15, with the various bones distinguished by 
colour. 
PLATE LX. 
Fig. 19. Skull of Mesopteryx casuarina, in Dr. H. O. Forbes’s Collection. 
Figs. 20 & 21. Two views of the skull of MMesopteryx, species 6, in the Colonial 
Museum, Wellington. 
: Both natural size. 
Fig. 22. Skull of Pachyornis elephantopus, in Dr. H. O. F orbes’s Collection. 
Five-sixths natural size. 


PLATE LXI. 


Figs. 23-34. Outlines of the crania of various species of Dinornithide, from above. 
Drawn to the same absolute size with the camera lucida. 
Figs. 35-46. A similar series of outlines from the left side. 


PLATE LXII. 
Figs. 47-58. A similar series of outlines from behind. 
Figs. 59-64. The maxillo-jugal arch (maxilla only in Rhea) of various Ratite. 
Natural size. 
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Figs. 65-70. The quadrate facet on the roof of the tympanic cavity, in various Ratite. 
Drawn to the same absolute size. 
als., alisphenoid ; pr.o., prootic; sqg., squamosal ; ex.oc., exocci pital. 
Figs. 71-76. The optic and adjacent foramina in various Ratite. 
absolute size. 


Drawn to the same 


ii, optic foramen; iii, oculomotor foramen ; 


v!, orbitonasal foramen ; 


iv, pathetic foramen; 
vi, abducent foramen; a, foramen for internal 
ophthalmic artery. 


List oF ABBREVIATIONS. 


a.b.cr,fon. Position of anterior basicranial | Hard fos. Harderian fossa. 


fontanelle. 
abd.for. Abducent foramen. inf.al.eth. Inferior aliethmoid. 
a.lamb.r. Anterior lambdoidal ridge. inf.orb.for. Inferior orbital foramen. 
al.n. Alinasal. inf.temp.r. Inferior temporal ridge. 
al.sph. Alisphenoid. int.aud.m,. Internal auditory meatus. 
ang. Angular. 
a.orb. Antorbital. ju. Jugal. 
art. Articular. 
lac. Lacrymal. 
b.0c. Basioccipital. lac,for. Lacrymal foramen. 
b.pt.pr. Basipterygoid process. 
Uae Bese eG mam.tub. Mamillar tuberosity. 
b.temp. Basitemporal. . 
y mesen.fos. Mesencephalic fossa. 
b.temp.pl. Basitemporal platform. Pee ia Niccecltn ord 
m.temp.r. Mid-temporal ridge. 
car.for. Carotid foramen. ma. Maxilla. 
cer.fos. Cerebellar fossa. meju.ar. Maxillo-jugal arch. 
con.for. Condylar foramen or foramina. mx.na. Maxillo-nasal. 
max.pal. Maxillo-palatine. 
d. Dentary. mx.pr. Maxillary process. 
dor.sell, Dorsum selle. 
na. Nasal. 
eth. Ethmoid. na.pr. Nasal process. 
eus.gr. Eustachian groove. 
ew.oc. Exoccipital. oc.con. Occipital condyle. 
oc.cr. Occipital crest. 
for.a. Foramen a. oc.for. Oculomotor foramen, 
foss.b, Fossa 6. olf.ch. Olfactory chamber. 
jr. Frontal. op,for. Optic foramen. 
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op.pl. 


orb.na,for. 


orb.pr. 


or .sph. 


ot.pr. 


pa. 


pal. 
pal.pr. 


par.oc.pr. 


path for. 
p.b.cr fon. 


pit.fos. 
p-lamb.r. 
p-m2. 
post.orb.pr. 
post.temp.fos. 
post.temp.r. 
pre.con.fos. 
pre.orb.pr. 
pre.temp.w. 
pr.lacer fos. 
prop... 
pr.ot. 
pr.pit.r. 
pr.sph. 
pr.sph.foss. 
pt. 


Optic platform. 
Orbitonasal foramen. 
Orbital process. 
Orbitosphenoid. 

Otic process. 


Parietal. 

Palatine. 

Palatine process. 

Paroccipital process. 

Pathetic foramen. 

Posterior basicranial fonta- 
nelle. 

Pituitary fossa. 

Posterior lambdoidal ridge. 

Premaxilla. 

Postorbital process. 

Post-temporal fossa. 

Post-temporal ridge. 

Precondylar fossa. 

Preorbital process. 

Pretemporal wing. 

Prelacerate fossa. 

Preoptie ridge. 

Prootie. 

Prepituitary ridge. 

Presphenoid. 

Presphenoid fossa. 

Pterygoid. 


rost. 


S.aNg. 
100. 

$.0¢,fos. 

sq: 

Sg.prm. 
sup.al.eth. 
sup.for.r. 
sup.orb.fen. 


temp .fos. 
temp.7. 
tent.r. 
trig.for. 
iri.pr. 
turd. 


vag.for. 
vo. 


vo.pr. 


2YG pr 


- Quadrate. 
- Quadrato-jugal. 


Rostrum. 


Supra-angular, 
Supra-occipital. 
Supra-occipital fossa. 
Squamosal. 


Squamosal prominence. 


Superior aliethmoid. 
Supra-foraminal ridge. 
Supra-orbital fenestra. 


Temporal fossa. 
Temporal ridge. 
Tentorial ridge. 
Trigeminal foramen. 
Triangular process. 
Turbinal. 


Vagus foramen. 
Vomer. 
Vomerine process. 


Zygomatic process. 
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flabelliformis, 259, 262. 

—— frondiculata, 259. 


—— minuta, 262. 


ramosa, 260. 
Hyla arborea, 99, 102, 159. 
, var. meridionalis, 97, 159. 


—— barytonus, 159. 


perexi, 159. 

Hyperia cornigera, 365. 

Idmonea bialternata, 257, 263, 278. 

—— carinata, 258. 

—— compressa, 258. 

coronopus, 257, 259, 262, 263, 279. 
—— giebeli, 259, 263, 279. 

giebeliana, 256. 

gracillima, 257, 260, 261. 

laticosta, 258. 


—— milneana, 257. 


—— reticulata, 258. 

—— seriatopora, 258, 263, 279. 
—— triquetra, 256. 

—— (Lervia) seriatopora, 259. 
(Tubigera) giebeli, 256. 
Lacerta agilis, 98, 99, 125. 
algwa, 98. 


— chalcides, 98. 

—— chameleon, 98. 

—— dumerilit, 99. 

—— guttulata, 99. 

—— muralis, 94, 96, 99, 103, 123, 125, 126. 
, var. tiliguerta, 126. 


—— neapolitana, 126. 

—— ocellata, 97, 98, 99, 123, 124, 164. 

var. pater, 96, 98, 99, 103, 128, 124, 164. 
, Var. tangitana, 96, 104, 124, 164. 

, typia, 124. 

palustris, 98, 99. 

— pardalis, 99, 129. 

perspicillata, 96, 100, 128, 126. 


salamandra, 98. 


savignyi, 129, 
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Lacerta vaillanti, 129. 
viridis, 99, 128, 124. 
, var. schreiberi, 124. 


—— viridissima, 98, 123. 


vulgaris, 98. 

Laura gerardie, 89. 
Leiopathes lamarcki, 90, 91. 
Lepralia angiostoma, 248. 


bisculca, 251. 
lonsdalei, 247, 263, 278. 


manzoni, 237. 


—— pauper, 241. 
—— schizogaster, 243. 


—— serrulata, 255. 


tenera, 255. 


tetragona, 234. 

—— unicornis, 241. 
violacea, 243, 245. 
Lichenopora, sp., 263, 279. 


mediterranea, 262. 

Liemetis tenuirostris, 283. 

Liophis regine, 146. 

Lophopsittacus mauritianus, 281, 282, 283, 284, 
285, 299. 

Loricaria americana, 226. 

Lunulites goldfussi, 234. 

quadrata, 234. 

—— radiata, 233, 234. 

—— subplana, 234. 

—— transiens, 233, 263, 276, 277. 

234. 

Lycognathus teniatus, 149. 

textilis, 149. 

Lysianassa magellanica, 1. 


— urccolata, 233, 


Lytorhynchus diadema, 97. 

Mabuia vittata, 96, 135. 

Macrocephalus, 367. 

Macrocercus macao, 283. 

Macroprotodon cucullatus, 97, 99, 100, 145, 149. 
maroccanus, 149, 150. 

mauritanicus, 100, 149. 

Macropus major, 53. 


Mauritius, de cription of a remarkable Sea-urchin of 
the genus Crdaris from, by F. Jeffrey Bell, 
303. 

, on Remains of an Extinct Gigantic Tortoise 
from, by G. A. Boulenger, 305-311. 

—-, on the Remains of some Gigantic Land- 


INDEX, 


Tortoises, and of an extinct Lizard, recently 
discovered in, by Hans Gadow, 313-324. 

Megalapterya tenuipes, 378. 

Meionornis caswarinus, 415. 

didiformis, 415. 

Meleagris gallopavo, 65. 

Melita palmata, 37, 38. 

Membranipora appendiculata, 229. 

—— bushi, 229, 263, 276. 

— catenularia, 233. 

crassomuralis, 229, 230, 231, 263, 276. 

disjuncta, 232, 263, 276. 

— elliptica, 230. 

—— cocena, 228, 229, 230, 263, 276. 

— lacroivi, 229, 230, 231, 232. 

— lawa, 231, 232. 

loxopora, 230. 

macrostoma, 229, 232. 


—— membranacea, 231. 


—— monostachys, 232. 
—— reticulum, 229. 
—— savarti, 228. 
— sigillata, 232. 
— subtilimargo, 231. 
—— temporaria, 230. 
tenuimuralis, 231, 263, 276. 
— tuberculata, 231. 
virguliformis, 232, 263, 276. 
it 


- 


Membraniporella nitida, 236, 277. 


, var. cocena, 236. 

Meniscopora bigibbera, 251, 263, 278. 

Mesopteryx casuarina, 377, 378, 382, 385, 387, 395, 
397, 415, 429. 

— didina, 377, 378, 415. 

huttonii, 377. 

sp., 378, 382, 383, 395, 415, 

Micropora coriacea, 238. 

cribriformis, 237, 263, 277. 

, Var. perforata, 237. 

—— qracilis, 237, 238. 

miinsteri, 238. 

Microporella fissa, 245. 

grisea, 242. 


membranacea, 240. 
violacea, var. fissa, 245, 247. 


Mou giganteus, 415, 
Molge hagenmuelleri, 97, 98, 162, 164. 
porreti, 97, 98, 100, 162. 
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Molge vulgaris, 98. 
waltli, 95, 97, 98, 162, 163. 
Molla schizogaster, 243. 


Movia ingens, 415. 
Mucronella angustoccium, 254, 263, 278. 


chilopora, 255. 


hornesi, 254. 


serrulata, 255. 


— tenera, 255. 

ventricosa, 254. 

Naia hate, 94, 97, 101, 102, 103, 152. 

, var. annulifera, 152. 

Natriv torquata, 149. 

Necropsittucus rodericanus, 283, 284, 285. 

Nerita polita, 299. 

Nettapus auritus, 291. 

Newton, Sir E., and Gadow, Hans. On additional 
Bones of the Dodo and other Extinct Birds of 
Mauritius obtained by Mr. Théodore Sauzier, 
281-302. 

Newton, KE. T. On aSkull of Vrogontheriwm cuvieri 


from the Forest Bed of East Runton, near 
Cromer, 165-175. 
Notamia americana, 226. 


loricata, 226, 227. 


prina, 226. 

— wetherelli, 221, 226, 263, 276. 
(Gemellaria) loricata, 226. 
Nycticorax megacephala, 290. 


Ocydromus australis, 294. 
Onychocella allica, 239. 
angulosa, 238. 


archosia, 239. 


— charonia, 239. 

— clito, 239. 

— cressida, 239. 

—— cyclostoma, 239, 

— drya, 239. 

—— koninckiana, 239. 

—— magnoaperta, 238, 239, 263, 277. 
—— santonensis, 239. 
Ophiomorus punctatissimus, 120. 
Ophiops elegans, 154. 
occidentalis, 96, 134. 
Ophisaurus koellikeri, 96, 120. 
(Pseudopus) apus, 120. 


Opisthocomus cristatus, on the Morphology of, by W. 
K. Parker, 43-85. 
3R 


449 INDEX, 


Opisthocomus cristatus, early stages of, 48. 
, embryos and adult of, 49. 

, hind limb of, 77. 

——.,, hip-girdle of, 74. 


-—., light.cast upon the Ontogeny of Birds by the 
Morphology of, 81. 

, ornithological position of, 80. 

, skull of, 49. 

——.,, sternum and shoulder-girdle of, 64. 


——,, vertebral chain of, 59. 
, Wings of, 69, 


Orang reputed to be Simia morio, 201-217. 

Orbitulipora haidingeri, 253. 

lenticularis, 254. 

petiolus, 253, 263, 278. 

Pachyornis elephantopus, 375, 376, 377, 387, 415, 
429, 

—— immanis, 376, 415. 

sp., 376, 377, 415. 

Pachystyla inversicolor, 299. 


Paleogene Bryozoa, on the British, by J. W. Gregory, 
219-279. 

Paleornis alewandri, 284. 

Palapterya dromoides, 413, 415, 

elephantopus, 415, 

ingens, 375, 413. 

plena, 415. 

Parker, T. J. On the Cranial Osteology. Classifi- 
cation, and Phylogeny of the Dinornithide, 
373-429. 

Parker, W. K. On the Morphology of a Reptilian 
Bird, Opisthocomus cristatus, 43-85. 

Patagona gigas, 71. 


Pezophaps solitaria, 298, 

Phaps chalcoptera, 298. 

Phoxus holbélli, 7. 

Phyllodactylus ewropwus, 96, 110, 
Platydactylus facetanus, 115, 
fascicularis, 98, 115. 

—— muralis, 115, 

Plestiodon aldrovandii, 136. 
Pleurodeles waltlii, 192. 


Plotus anhinga, 289. 


—— melanogaster, 289. 

—— nanus, 282, 288,.289, 300. 
—-— nove-hollandie, 280 
Podarces simoni, 103, 132. 


Podicepes auritus, 289, 


cornutus, 289. 
— cristatus, 289. 
—— minor, 289. 

—— pelzelni, 289, 


philippensis, 289. 
ruficollis, 289. 
sp. inc., 289, 


Podoceropsis palmatus, 36, 42. 
Podocerus cumbrensis, 38, 42. 
faleatus, 39. 
minutus, 41, 


Porella coneinna, 255. 

, var. eocena, 254, 
Porina subsulcata, 245, 
Porphyrio melanonotus, 292, 294. 


Porzana carolina, 76. 
Psammodromus algirus, 96, 97, 98, 127, 128. 


, var. dorie, 128. 


» var. nollii, 128. 

blanc, 96, 97, 127, 163. 
hispanicus, 127. 
microdactylus, 96, 127. 
Psammophis punctatus, 100, 150. 
sibilans, 150. 

, var. punctatus, 97, 150. 


Pseudopus apus, var. ornata, 103. 


serpentinus, 98. 

Pterygocera arenaria, 20. 

Ptyodactylus lobatus, 96, 108, 111, 112, 113. 
oudrvi, 103, 111, 112, 113, 114, 163. 
Pustulipora clavula, 261. 


— palmata, 261. 
Rana esculenta, 95, 97, 98, 102, 157, 159. 
, var. latastii, 157. 


» var. ridibunda, 157. 


picta, 99. 

—— temporaria, 98. 

— viridis, 157. 

Ratitsz, measurements of the skulls of the, 405. 
, phylogeny of the, 423. 


, Summary of the cranial characters of the, 408. 
Retepora trigona, 259. 

Rhabdonectes, 367. 

Rhabdosoma armatum, 368. 

— hrachyteles, 368, 369, 371. 


—— brevicuudatum, 366, 368. 
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Rhabdosoma lilljeborgi, 368. 
piratum, 368, 371. 
whitet, 368, 
Rhagasostoma hexagonum, 238. 


Rhamphastos toco, 73. 

Rhinechis amalie, 103, 144. 

Rhizoxenia alba, 336. 

Jiliformis, 331, 332, 336. 

primula, 332, 336. 

rosea, 331, 332, 336. 

thalassantha, 332, 336. 

Robertson, D., and Stebbing,T. R. R. On four new 
British Amphipoda, 31-42. 

Salamandra corsica, 161. 

maculosa, 98, 104, 161. 

, var. algira, 97, 161, 164, 

Sarcidiornis africanus, 290. 

mauritianus, 282, 290, 291, 300. 

melanotus, 292. 

Sarcodictyon catenata, 332, 336. 

colinabum, 336. 

Saurodactylus mauritanicus, 96, 109, 163. 


Saurothera vieilloti, 76. 


Savaglia lamarcki, 91. 


savaglia, 90. 
Scaptira inornata, 130. 
maculata, 131. 


Sceloglaux nove-zealandie, 286, 287. 
Schismopora costata, 224, 
Schismoporella schizogaster, 243. 
Schizoporella beyrichi, 241. 

biturrita, 244. 

dunkeri, 240. 


goniostoma, 240. 


gonversi, 241. 


insignis, 241. 


magnoaperta, 239, 263, 277. 
—— magnoincisa, 240, 263, 277. 


— — pauper, 241. 


requlosa, 240. 
—— simplea, 240. 
—— tuberosa, 244. 
unicornis, 240, 241. 


variabilis, 241. 


Schizoretepora tessellata, 224. 
Scina acanthodes, 352, 360, 366, 370. 
atlantica, 352, 357, 360, 365. 
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Seina borealis, 350, 351, 352. 

bovallit, 350, 351, 352. 

clausi, 350, 351, 352, 360. 
concors, 352, 360, 362, 363, 371. 
cornigera, 351, 352, 365, 

— crassicornis, 352. 


ensicorneé, 351, 352. 


— gracilis, 352. 

—— lepisma, 351, 352, 364. 

longipes, 352. 

marginata, 301, 352, 360, 364. 
—— edicarpus, 352, 356, 371, 

—— pacifica, 352, 360, 362, 363, 365. 
rattrayi, 352, 358, 371. 

—— sarsi, 352, 360. 

—— similis, 352, 362, 363, 364, 371. 
stenopus, 352, 354, 366, 371. 
— tullbergi, 352, 360, 362, 363, 
uncipes, 352, 363, 366, 371. 
Seincus cyprius, 99. 

fasciatus, 96, 137. 

officinalis, 96, 137. 

(Plestiodon) cyprius, 136, 

Scops rutilus, 287. 


Sea-urchin, description of a remarkable, from Mau- 
ritius, by F. Jeffrey Bell, 303. 

Seps chaleides, 140. 

mionecton, 102. 


Simia morio, on the Orang reputed to be, 201-217. 
, foot of, 204. 

, hand of, 203, 

—— ——, muscular anatomy of fore limb, 205. 


—— ——, muscular anatomy of hind limb, 211. 
, muscular system of, 204. 


satyrus, 201, 217. 

Smittia tubularis, 255, 263, 278. 
Sophrosyne murrayi, 33. 
robertsoni, 31, 33, 41. 
Sphenops capistratus, 100, 141. 
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Spizella pusilla, 79. 

Stebbing, T. R. R. 
of Amphipodous Crustaceans from the Tropical 
Atlantic, 349-371. 

On the Genus Urothoe and a new Genus 
Urothoides, 1-30. 

—, and Robertson, D. On four new British 
Amphipoda, 31-42. 


Descriptions ofnine new Species 
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Stenodactylus guttatus, 96, 99, 107, 108. 


mauritanicus, 107, 108. 


peterstt, 108. 
wilkinsonti, 108. 


Stereosoma, gen. nov., 337. 
celebense, 337, 338, 346. 
Stolonifera, genera of the, 351. 
Stria flammea, 286, 287, 288. 
sauzieri, 282, 286, 287, 299. 
Struthio camelus, 58. 


Sympodium coralloides, 336. 


margaritaceum, 336. 

Syornis casuarina, 3877, 415. 

crassus, 415, 

—— rheides, 415. 

Syrrhoé fimbriatus, 34, 41. 

Talegalla lathami, 73, 75. 

Tarentola angusticeps, 116. 
mauritanica, 96, 97, 115, 116. 

, var. deserti, 115, 116, 163. 
neglecta, 96, 116. 

Teichopora clavata, 249, 250, 263, 278. 
Tervia solidula, 259. 

Testudo abrupta, 305. 

campanulata, 105. 


cortacea, 98. 

—— daudini, 307, 317, 318, 319, 322. 
elephantina, 306, 307, 308, 810, 317, 318, 
319, 320. 

elephantopus, 309, 319, 320, 

— gigantea, 305, 306, 307. 

—— greca, 98, 104, 105. 

—— grandidicri, caudal vertebra of, 308. 
, cervical vertebra of, 308. 

, limb-bones of, 310. 

. pectoral arch of, 310. 


—— ——,, pelvis of, 310. 
— , sacral vertebra of, 508. 
ee shellors08: 


, skull of, 307. 

guentherr, 320. 
—— hololissa, 306, 307, 317, 318. 
ibera, 96, 97, 98, 99, 104. 
indica, 318, 314, 316, 320, 323. 


| 
__— inepta, 313, 314, 315, 316, 319, 320, 321, 


322, 324. 
—— leptocnemis, 313, 314, 321. 
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Testudo marginata, 98, 105. 


mauritanica, 104, 
—— microtympanum, 307. 
—— migra, 319. 


nigrita, 319. 

—— perraulti, 313, 316, 

—— ponderosa, 317, 318, 319. 

—— pusilla, 104. 

—— sauzieri, 314, 315, 316, 318, 323. 

—— sulcata, 309. 

sumewrei, 314, 317, 318, 319, 320, 522, 323, 
324, 

—— triserrata, 313, 314, 315, 3816, 317, 318, 319, 
320, 321, 322, 324. 


—— vicina, 309. 


—— vosmaeri, 314. 

Tetrao wrogallus, 50, 53, 57. 

Tiliqua ocellata, 98. 

Topaza pella, 71. 

Tortoise, on Remains of an Extinct Gigantic, from 
Mauritius (Yestudo grandidieri, Vaillant), by 
G. A. Boulenger, 305-311. 

Tortoises, on the Remains of some Gigantie Land-, 
recently discovered in Mauritius, by Hans 
Gadow, 315-324. 

Treron olav, 298. 

Triton nebulosus, 100, 162. 

—— poireti, 99. 

Trocaza meyert, 295. 

Troglodytes aubryi, 179, 180, 181, 182, 184, 185. 

—— bicolor, 203. 

—— calvus, brain of, 198. 

—— ——, comparison of musculature of, with that 
of the common Chimpanzee, 196. 

—— ——,, gar of, 178. 


, external characters and anatomy of, 
178-201. 

—— ——., foot of, 179. 

Jaane! OE, HZ). 

—— ——., muscular anatomy of fore limb, 185. 

—— ——, muscular anatomy of hind limb, 190. 

—— —-—, muscular system of, 189. 

—— ——,, palate of, 197. 

ell ong, ISH 

—— niger, 180, 181, 182, 183, 184, 196, 198, 199, 
200, 201, 218. 

—— tschego, 182, 183, 184, 201. 


INDEX. 


Troglodytes vellerosus, 180. 

Trogonophis wiegmanni, 96, 99, 122. 

Trogonotherium of the Forest Bed, East Runton, com- 
parison with that of Conodontes boisvilletti, 172. 


, comparison with that of Fischer’s V’rogono- 
therium cuvieri, 171. 

——., dental characters of, 170. 

——., description of the skull of, 166. 

—, distinctive characters of, 169. 


, introductory remarks upon, 165. 
—., measurements of, 173. 
cuvieri, on a skull of, from the Forest Bed of 


East Runton, near Cromer, by E. T. Newton, 
165-175. 

Tropidonotus aurolineata, 149. 

murorum, 149. 

natriv, 97, 148. 

ocellata, 149. 

——— persa, 149. 

viperinus, 95, 97, 99, 149. 

, var. aurolineatus, 99. 


Tropiocolotes steudnert, 108. 
tripolitanus, 96, 108. 
Tubucellaria opuntioides, 256. 


Tubularia cornucopia, 334. 
Turnix rostrata, 73, 76. 
Turtur picturatus, 295. 
Tyro atlantica, 365. 
cornigera, 351, 365. 


pacifica, 365. 

sarsi, 351, 365. 

tullbergii, 360. 

Umbonula bartonense, 248, 249, 268, 278. 
calcariformis, 249, 263, 278. 

Uria troile, 75. 

Uromastix acanthinurus, 96, 97, 99, 101, 119. 
spinipes, 101, 119. 

temporalis, 119. 

Urothoe, on the Genus, by T. R. R. Stebbing, 1-30. 
abbreviata, 3, 9, 27. 

—— bairdii, 7, 27. 

brevicornis, 7, 10, 12, 18, 15, 17, 23, 25, 27, 
28, 29, 30. 
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Urothoe elegans, 4, 5, 6,9, 10, 13, 14, 17, 22, 25, 27, 
28. 
wrrostratus, 4, 10, 27, 28. 


lachneéssa, 4, 26, 27. 

marimus, 5, 6, 7, 8, 12, 13, 14, 15, 16, 21, 23, 
24, 27, 28, 29. 

—— ——,, var. pectinatus, 8, 27, 28. 

norvegica, 6, 7, 9, 21, 25, 27, 28, 30. 


pinguis, 4, 27. 


poucheti, 9, 25, 27, 28. 
—— pulchella, 4, 11, 14, 15, 17, 21, 27, 28, 30. 
rostrata, 3, 4, 10, 27. 


Urothoides, gen. nov., 26. 


lachneéssa, 26, 27. 


Varanus arenarius, 121. 


griseus, 96, 97, 121. 


scincus, 121. 

Vinago australis, 295. 

Vineularia fragilis, 256. 

Vipera ammodytes, 153. 

arietans, 97, 102, 153, 154. 


aspis, 101, 153. 


avicenne, 101, 155. 
brachyura, 99, 154. 


cerastes, 99, 155. 

daboia, 98. 

echis, 99. 

euphratica, var. mauritanica, 103. 
latastii, 97, 101, 103, 153. 
lebetina, 97, 98, 99, 100, 103, 153, 154. 
Xiphocephalus, 367. 

Zamenis algirus, 97, 100, 146, 146, 147. 
ater, 146. 

atrovirens, 146. 

cliffordii, 101, 148. 

diadema, 97, 101, 147, 148. 
florulentus, 94, 100, 146, 147. 


gemonensis, 103. 


—— hippocrepis, 97, 98, 146, 147. 
—— nummifer, 148. 

viridiflavus, 103. 

Zerzoumia blanci, 103. 

Zootoca deserti, 101, 131. 
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